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7KH SXUSRVH RI WKLV GLVVHUWDWLRQ LV WR LQYHVWLJDWH WKH H[LVWLQJ OLWHUDWXUH DQG VWXGLHV DERXW
LQIUDVWUXFWXUHLQYHVWPHQWDQGJURZWKRI*'37KLVLVGRQHE\DSSO\LQJ0HWDUHJUHVVLRQDQDO\VLV
WRDVHWRIWKLUW\SDSHUV,QWKHOLWHUDWXUHDOWKRXJKWKHUHDUHPDQ\SRVVLEOHGHILQLWLRQVRI
LQIUDVWUXFWXUHFDSLWDO WKHGHILQLWLRQWKDWPDNHVWKHPRVWVHQVHIURPDQHFRQRPLFVVWDQGSRLQW
LQ WKDW RI ODUJH FDSLWDO LQWHQVLYH QDWXUDO PRQRSROLHV VXFK DV KLJKZD\V RWKHU WUDQVSRUWDWLRQ
IDFLOLWLHV VHZHU OLQHV DQG FRPPXQLFDWLRQ V\VWHPV *UDPOLFK 7KRVH FDQ DOVR EH FDOOHG
´SXEOLFJRRGVµZKLFKVLPXOWDQHRXVO\SURYLGHEHQHILWVWRPRUHWKDQRQHLQGLYLGXDOQRQULYDOU\LQ
FRQVXPSWLRQ 5REVRQ  ,Q HVVHQFH WKHUHIRUH LQIUDVWUXFWXUH FRQVLVWV RI WZR HOHPHQWV ²
´FDSLWDOQHVVµDQG´SXEOLFQHVVµ)RXULH




%RWKHFRQRPLVWDQGXUEDQSODQQHUVGLVWLQJXLVKEHWZHHQHFRQRPLFRUKDUGLQIUDVWUXFWXUH
DQGVRFLDORUVRIWLQIUDVWUXFWXUH6RFLDOLQIUDVWUXFWXUHLVWKHRQHWKDWSURPRWHVKHDOWKHGXFDWLRQ
DQG FXOWXUDO VWDQGDUGV WKDW KDYH ERWK D GLUHFW DQG LQGLUHFW LPSDFW RQ WKH TXDOLW\ OLIH )RXULH



ϭ3HUKDSVVXIILFLHQWO\VXFFLQFWGHILQLWLRQRILQIUDVWUXFWXUHDOVRFDOOHG´VRFLDORYHUKHDGµFDSLWDOLVSURYLGHGE\
+LUVFKPDQZKRGHILQHVLQIUDVWUXFWXUHDV´FDSLWDOWKDWSURYLGHVSXEOLFVHUYLFHVµ
&KDSWHU
,QWURGXFWLRQ
(FRQRPLFDQGVRFLDOLQIUDVWUXFWXUH
´,VWKHUHDVRPHDFWLRQWKDWJRYHUQPHQWRI,QGLDFRXOGWDNHWKDWZRXOGOHDGWKH,QGLDQHFRQRP\WRJURZOLNH
,QGRQHVLD·VRU(J\SW·V",IVRZKDWH[DFWO\",IQRWZKDWLVDERXWWKH´QDWXUHRI,QGLDµWKDWPDNHVLWVR"7KH
FRQVHTXHQFHVIRUKXPDQZHOIDUHLQYROYHGLQTXHVWLRQOLNHWKHVHDUHVLPSO\VWDJJHULQJ2QFHRQHVWDUWVWRWKLQN
DERXWWKHPLWLVKDUGWRWKLQNDERXWDQ\WKLQJHOVHµ/XNDVFLWHGLQ%DUUR6DOOD,0DUWLQ
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7KHEDVLFSUHPLVHRISXEOLFJRRGWKHRU\LVWKDWWKHPDUNHWZLOOQRWSURGXFHHQRXJKRISXEOLF
JRRGV WRPD[LPL]HWKHVRFLDOZHOIDUHEHFDXVH WKHEHQHILWVRISXEOLFJRRGVDUHQRW OLPLWHG WRD
VLQJOHFXVWRPHU$OWKRXJKVRPHLQIUDVWUXFWXUHJRRGVDUHGHILQHGDVSXEOLFJRRGVHJKLJKZD\V
PRVWRI WKHPDUHQRW3XUHSXEOLFJRRGVDUHQRQULYDODQGQRQH[FOXGDEOH$ULYDOJRRGHQWDLOV
WKDWLIRQHJRRGLVFRQVXPHGWKHVDPHJRRGFDQQRWEHFRQVXPHGE\DQ\RQHHOVH$QH[FOXGDEOH
JRRGLVGHILQHGDVDJRRGWKDWFDQEHH[FOXGHGIURPXVHE\DFRQVXPHULI WKHSULFHLVQRWSDLG
)RXULH  6RPH LQIUDVWUXFWXUH LV H[FOXGDEOH HJ 7ROO URDGV3ULYDWH WROO URDGV DUH DQ
DOWHUQDWLYH WR SXEOLF IUHHDFFHVV LQIUDVWUXFWXUH 0RVW RI WKHP DUH RZQHG SULYDWHO\ RU E\
JRYHUQPHQW6RPHRZQHGE\WKHJRYHUQPHQWDUHSULYDWHO\RSHUDWHG3DOPD/LQGVH\




6RPHLQIUDVWUXFWXUHJRRGVFDQDOVREHGHILQHGDVPHULWJRRGV$0HULWJRRGLVRQHWKDWFDQ
EHSURYLGHGE\WKHPDUNHWEXWLVUHJDUGHGDVDGGLQJDQDGGLWLRQDOYDOXH²DQH[WHUQDOEHQHILW 
DQGLVSURYLGHGYLDWKHQDWLRQDOEXGJHW





0RVW RI WKHVH V\VWHPV DUH RZQHG SXEOLFO\ SXEOLF FDSLWDO EXW VRPH RI WKHP DUH RZQHG
SULYDWHO\,QIUDVWUXFWXUH´SXEOLFQHVVµFKDUDFWHULVWLFLPSOLHVDUROHIRUWKHJRYHUQPHQW$OWKRXJKWKLV
UROHKDVQHYHUEHHQFOHDUO\GHILQHGDFDVHLVPDGHIRUJRYHUQPHQWLQWHUYHQWLRQEHFDXVHRIPDUNHW
IDLOXUHVLQKHUHQWLQPRVWLQIUDVWUXFWXUHJRRGV)RXULH
1H[WLQ7DEOHLWLVSUHVHQWHGWKHVKDUHVRISXEOLFDQGSULYDWHDQGWRWDOLQYHVWPHQWDVDUDWLR
RI*'3


Ϯ,QIUDVWUXFWXUHJRRGVXVXDOO\KDYHSRVLWLYHH[WHUQDOLWLHV/DUJHEXLOGLQJVPD\KDYHQHJDWLYHH[WHUQDOLWLHVRUD
GHWULPHQWDOHIIHFWXSRQWKHHQYLURQPHQW
6KDUHRISXEOLFSULYDWHDQGWRWDOLQYHVWPHQWWRWRWDO*'3
,QIUDVWUXFWXUHZLWKH[WHUQDOLWLHV
,QIUDVWUXFWXUHDVSXEOLFJRRGV
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'W
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'W
ŐƌŽǁƚŚ
ƉĞƌ
ĐĂƉŝƚĂ dŽƚĂů WƵďůŝĐ WƌŝǀĂƚĞ
'W
ŐƌŽǁƚŚ dŽƚĂů WƵďůŝĐ WƌŝǀĂƚĞ
'W
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ĞǀĞůŽƉŝŶŐ
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'W
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'W
ϭϵϳϬͲϴϬϭϵϴϬͲϵϬ
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ϭϵϳϬͲϵϬ


6WULNLQJ LQIRUPDWLRQ IURP 7DEOH  LV WKDW WKH VKDUH RI SXEOLF LQYHVWPHQW LQ GHYHORSLQJ
FRXQWULHV DFFRXQWV IRU QHDUO\ KDOI RI WRWDO LQYHVWPHQW ,Q LQGXVWULDO FRXQWULHV SXEOLF VHFWRU
LQYHVWPHQW DFFRXQWV IRU OHVV WKDQRQH ILIWKRI WRWDO RI WRWDO*'3 .XPDU.KDQ
7KLV GDWD UDLVH TXHVWLRQV DERXW WKH HIILFLHQF\ RI SXEOLF LQYHVWPHQW FDSLWDO UHODWLYH WR SULYDWH
LQYHVWPHQW DQG LWV FRQWULEXWLRQ WR ORQJUXQ JURZWK LQGHYHORSLQJ FRXQWULHV:H VHW K\SRWKHVLV
WKDW JURZWK SURPRWLQJ HIIHFWV RI LQIUDVWUXFWXUH LQYHVWPHQW DUH OHVV LQ GHYHORSLQJ FRXQWULHV RU
WUDQVLWLRQDOHFRQRPLHVWKDQZKDWDUHLQGHYHORSHGFRXQWU\OLNH86HFRQRP\
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



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
 6RXUFH.KDQ60RVKLQ.XPDU60DQPRKDQ3XEOLFDQG3ULYDWH,QYHVWPHQWDQG*URZWK3URFHVVLQ'HYHORSLQJ
&RXQWULHV2[IRUG%XOOHWLQRI(FRQRPLFVDQG6WDWLVWLFV
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
,QJHQHUDOLQIUDVWUXFWXUHLQYHVWPHQWFRQIHUVQXPHURXVWKHRUHWLFDOEHQHILWVDQGFRVWRQVRFLHW\
E\LPSDFWLQJHFRQRPLFHIILFLHQF\DQGWKHHQYLURQPHQW


,QIUDVWUXFWXUHPD\LQIOXHQFHHFRQRPLFJURZWKLQWKUHHZD\V)RXULHUWZRRIWKHPDIIHFW
WKHVXSSO\VLGHRIWKHHFRQRP\WKHRWKHUDIIHFWVGHPDQG

7KHLVVXHRIHIILFLHQF\LVPHWLQWKHVHSDSHUVDQGLQWKHZKROHOLWHUDWXUHRIHFRQRPLFJURZWK
$VFKDXHUIROORZLQJWKHH[DPSOHRI+XOWHQDOVRSUHVHQWHGHYLGHQFHZKLFKVXJJHVWVWKDW
WKHHIILFLHQF\ZLWKZKLFKSXEOLFFDSLWDOLVXWLOL]HGLVMXVWDVLIQRWPRUHLPSRUWDQWWKDQWKHVL]H
RI WKH SXEOLF FDSLWDO VWRFN IRU WKH HFRQRPLF JURZWK SURFHVV 7KH UHODWLRQVKLS EHWZHHQ WKH
HIIHFWLYHSXEOLFFDSLWDOVWRFN DQGWKHDFWXDOSXEOLFFDSLWDOVWRFN DV


 LV D PHDVXUH RI WKH DYHUDJH OHYHO RI SXEOLF FDSLWDO HIIHFWLYHQHVV 7KH QRUPDOL]HG HIILFLHQF\
PHDVXUH ZKLFK KDV D PHDQ YDOXH YDU\LQJ DURXQG ]HUR LV LQWURGXFHG ƥ 7KH DYHUDJH OHYHO RI
SXEOLFFDSLWDOHIIHFWLYHQHVVLVJLYHQDV

:KHUHHIILVDSXEOLFFDSLWDOHIIHFWLYHQHVVPHDVXUH$VFKDXHU
,PSDFWRILQIUDVWUXFWXUHLQYHVWPHQWRQHIILFLHQF\
,PSDFWRILQIUDVWUXFWXUH
7KHRU\
x'LUHFWHIIHFW,QIUDVWUXFWXUHORZHUVWKHFRVWRILQSXWVLQWKHSURGXFWLRQSURFHVVHJ
FKHDSHUHOHFWULFLW\ORZHUVWKHFRVWWRPDQXIDFWXULQJLQGXVWULHV
x,QGLUHFWHIIHFW,QIUDVWUXFWXUHLPSURYHVWKHSURGXFWLYLW\RIRWKHULQSXWIDFWRUVIRU
H[DPSOHHIILFLHQWUDLOZD\VFRQQHFWLQJUHVLGHQWLDOZLWKFRPPHUFLDODUHDVZRXOGLQFUHDVH
ZRUNHUV·SURGXFWLYHWLPH
x,QIUDVWUXFWXUHLQYHVWPHQWFUHDWHVGHPDQGIRUMREVRULWERRVWVWKHORQJ²WHUPFUHDWLRQ
RIMREVIRUVHPLVNLOOHGRUVNLOOHGZRUNHUVZKLFKDUHQHHGHGIRUWKHSURMHFW
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



7UDGLWLRQDO OLWHUDWXUH RQ HFRQRPLF JURZWK W\SLFDOO\ VWDUWV IURP DQ DJJUHJDWH SURGXFWLRQ
IXQFWLRQLQZKLFKWRWDORXWSXWGHSHQGVRQSURGXFWLYHLQSXWVDQGWKHOHYHORIWHFKQRORJ\+HQFH
WKH JURZWK UDWH LW LVGHWHUPLQHGE\ WKH DFFXPXODWLRQRI WKHSURGXFWLYH IDFWRUV DQG WKH UDWHRI
WHFKQRORJLFDOSURJUHVV-LPHQH],QWKHPDMRULW\RIWKHVHWKHRULHVD´KDUPOHVVµDVVXPSWLRQ
 LWKDVEHHQPDGHWKDW WKHHFRQRP\LVFORVHG3HOHWLHU2QHVLPSOHSURGXFWLRQIXQFWLRQ
WKDWLVRIWHQWKRXJKWWRSURYLGHDUHDVRQDEOHGHVFULSWLRQRIDFWXDOHFRQRPLHVLVWKH&REE'RXJODVV
IXQFWLRQWKDWFDQEHZULWWHQDV


:KHUH$! LV WKH OHYHO RI WHFKQRORJ\ DQG  LV FRQVWDQW H[SRQHQW RQ WKH FDSLWDO DQG ODERXU
YDULDEOHZKLFKGHQRWHVPDUJLQDOSURGXFWLYLW\ZLWKYDOXH  ZKLFKLPSOLHVGLPLQLVKLQJ
UHWXUQV7KH&REE'RXJODVVSURGXFWLRQIXQFWLRQFDQEHZULWWHQLQLQWHQVLYHIRUPDV




1RWHWKDW


,Q ZKLFK FDVH WKH &REE'RXJODVV SURGXFWLRQ IXQFWLRQ VDWLVILHV WKH SURSHUWLHV RI D QHR
FODVVLFDO SURGXFWLRQ IXQFWLRQ %DUUR  &REE DQG 'RXJODV  EDVHG RQ HPSLULFDO
REVHUYDWLRQV VXJJHVWHG WKDW RXWSXW FRXOG EH UHODWHG WR LQSXWV E\ D PXOWLYDULDWH QRQOLQHDU
IXQFWLRQ*KREDGLDQ+XVEDQG
7KHIXQFWLRQLVEURDGHVWLQFRQWH[WDQGFDQEHSUHVHQWHGLQWKHIROORZLQJIRUPDW


ϯ,QGHHGLWLVWUXHWKDWPRVWRIWKHJURZWKWKHRULHVDUHQRWDSSOLFDEOHWRWKHUHDOZRUOGDQGWKDWH[DFWGHWHUPLQDQWVRI
WKHJURZWKDUHXQNQRZQ
ϰ+RZHYHUWKHDVVXPSWLRQWKDWDOOFRXQWULHVKDYHVDPHSURGXFWLRQIXQFWLRQVWKDWWKHGLIIHUHQFHH[LVWVRQO\LQWKH
YDULDEOHVZDVQRWHLWKHUWHQDEOHRUDSSHDOLQJ,VODP
7KHWKHRUHWLFDOPRGHO
/
<\  JURZWKUDWHRIRXWSXWSHUXQLWRIODERXU
/
.N  JURZWKUDWHRIFDSLWDOSHUXQLWRIODERXU
ϭϬ






7KH FRQVWDQW WHUP $ LV DQ HIILFLHQF\ SDUDPHWHU EHFDXVH LW GHWHUPLQHV WKH SRVLWLRQ RI WKH
LVRTXDQW1H[W WKHWKHRUHWLFDOPRGHO LW LVH[WHQGHG LQWRDSXEOLFJRRGVPRGHO IRUGHFHQWUDOLVHG
HFRQRP\


7KHDVVXPSWLRQLVWKDWWKHJRYHUQPHQWSXUFKDVHVDSURSRUWLRQRISULYDWHRXWSXWDQGWKHQXVHV
WKHVHSXUFKDVHVWRSURYLGHIUHHSXEOLFVHUYLFHV$JDLQDVLQ%DUURSURGXFWLRQIXQFWLRQIRU
WKHILUPLWDNHWKH&REE'RXJODVVIRUP


)RU D IL[HG * WRWDO JRYHUQPHQW SXUFKDVHV WKH HFRQRP\ IDFHV GLPLQLVKLQJ UHWXUQV WR WKH
DFFXPXODWLRQRIJRYHUQPHQWFDSLWDO$QGWKLVHTXDWLRQLPSOLHV FRQVWDQWUHWXUQVWRVFDOHLQWKH
SULYDWHLQSXWV/LDQG.L
2QWKHQH[WJUDSKDUHSUHVHQWHGWKHUHODWLRQVKLSEHWZHHQJRYHUQPHQWVL]HDQGJURZWKUDWH

*URZWK
5DWH









ϱ7KLV SURGXFWLRQ IXQFWLRQ DOVR LPSOLHV WKDW WKH SXEOLF VHUYLFHV DUH FRPSOHPHQWDU\ZLWK WKH SULYDWH LQSXWV LQ WKH
VHQVHWKDWDQLQFUHDVHLQ*UDLVHVWKHPDUJLQDOSURGXFWVRI/LDQG.L



7KHSXEOLF²JRRGVPRGHORI3URGXFWLYHJRYHUQPHQWVHUYLFHV
*RYHUQPHQWVL]H
)LJXUH*RYHUQPHQWVL]HDQGHFRQRPLFJURZWK
 3 RXWSXW
 ;L OHYHORILWKLQSXWIDFWRU
 $DQG DUHSDUDPHWHUVWREHHVWLPDWHG
2SWLPDOJRYHUQPHQWVL]H
0D[JURZWKUDWH
ϭϭ

*RYHUQPHQW DQG JURZWK 7KH UHODWLRQ EHWZHHQ WKH VL]H RI JRYHUQPHQW DQG WKH SHU FDSLWD
JURZWKUDWH   LV LQYHUVH$WORZYDOXHVRIJRYHUQPHQWVL]HWKHSRVLWLYHHIIHFWRIPRUH RQ
FDSLWDO·VPDUJLQDOSURGXFWGRPLQDWHDQGKHQFH ULVHVZLWK %DUUR


7KHNH\IHDWXUHLQWKHDQDO\VLVLVWKDWSXEOLFJRRGVDUHGXUDEOHJRRGVVXEMHFWWRFRQJHVWLRQ
7XUQRYVN\)LVKHU0DQ\JRYHUQPHQWDODFWLYLWLHVVXFKDVKLJKZD\VZDWHUV\VWHPVSROLFH
DQG ILUH VHUYLFHV DUH VXEMHFW WR FRQJHVWLRQ )RU D JLYHQ TXDQWLW\ RI DJJUHJDWH VHUYLFHV* WKH
TXDQWLW\ DYDLODEOH WR DQ LQGLYLGXDO GHFOLQHV DV RWKHU XVHUV FRQJHVW WKH IDFLOLWLHV %DUUR  
,QZKDWIROORZVLWZLOOEHDVVXPHGWKDWWKH\DUHFRQJHVWHGZKHQDQH[FHVVLYHXVHRIWKHPLVPDGH
EHFDXVH WKLV FDWHJRU\ LQFOXGHV WKHPDMRULW\RISXEOLF VHUYLFHV 3LUDV([DPSOHVRISXEOLF
JRRGVRIWKLVNLQGDUHKLJKZD\VQDWLRQDOSDUNVZKLFKJHWRYHUFURZGHGDVPRUHSHRSOHXVHWKHP
EXW QDWLRQDO GHIHQFH DFFRUGLQJ WR %DUUR DQG 6DODL0DUWLQ  FRXOG DOVR VXIIHU IURP
FRQJHVWLRQH[WHUQDOLWLHV7XUQRYVN\)LVKHU7KHHIIHFWRISXEOLFFDSLWDORQSULYDWHFDSLWDOLV
WDNHQLQWRDFFRXQWDQGLW LVVKRZQWKDW LQWKHSUHVHQFHRIFRQJHVWLRQWKHHIIHFWRIJRYHUQPHQW
FDSLWDO RQ SULYDWH LQYHVWPHQW LQYROYHV D WUDGH RII EHWZHHQ WKH GHJUHH RI VXEVWLWXWLRQ EHWZHHQ
SULYDWHDQGSXEOLFFDSLWDO LQSURGXFWLRQDQGWKHGHJUHHRIFRQJHVWLRQ7XUQRYVN\)LVKHU
)RUJRYHUQPHQWDODFWLYLWLHV WKDWVHUYHDVDQ LQSXWWRSULYDWHSURGXFWLRQSURFHVVWKHFRQJHVWLRQ
FDQEHPRGHOOHGIRUWKHLWKSURGXFHU%DUUR6DOOD,0DUWLQ


1XPEHURISURGXFHUVZKHUH DQG 7KHSURGXFWLRQSURFHVVLV$.PRGLILHGE\
WKHWHUPWKDW LQYROYHVSXEOLFVHUYLFHVDQ LQFUHDVH LQ*UHODWLYHWRDJJUHJDWHRXWSXW<H[SDQGV
IRUDJLYHQ<LRXWSXWIRUDJLYHQ.LDJJUHJDWHSULYDWHFDSLWDO

:KLOHWKHSURGXFWLRQIXQFWLRQIRUHDFKLQGLYLGXDOSURGXFHUFDQEHZULWWHQDV





7KHFRQJHVWLRQ0RGHORI3URGXFWLYH*RYHUQPHQW6HUYLFHV
/
<\  JURZWKUDWHRIRXWSXWSHUXQLWODERXU
/
.N  JURZWKUDWHRIFDSLWDOSHUXQLWODERXU
PL  
ϭϮ

,Q WKLVPRGHO RI FRQJHVWHG SXEOLF JRRGV IRU D JLYHQ DPRXQW RI SXEOLF FDSLWDO WKH TXDQWLW\
DYDLODEOHIRUHDFKSURGXFHUGHFUHDVHVLIWKHRWKHUSURGXFHUVLQFUHDVHWKHLUOHYHORIDFWLYLW\3LUDV
7KLV LV EHFDXVH RI WKH DVVXPSWLRQ WKDW WKH JRYHUQPHQW NHHSV WKH UDWLR RI SXEOLF WR
DJJUHJDWH SULYDWH FDSLWDO IL[HG DQG HYHU\ SURGXFHU IDFHV FRQVWDQW UHWXUQV SURGXFWLRQ IXQFWLRQ
7KH FRQFHSW RI FRQJHVWLRQ LV LQWURGXFHG E\ WKH DXWKRUV RI WKH HPSLULFDO VWXGLHV WKURXJK WKH
JRYHUQPHQWVL]HYDULDEOHZKLFKLVLQWURGXFHGLQRXUUHSUHVHQWDWLYHPRGHOLQDOVRVHH)LJXUH
3RVLWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWHIIHFWRISXEOLFFDSLWDORQJURZWKPD\SRLQWRXW WKHIDFW
WKDWSXEOLF FDSLWDOKDVQRW UHDFKHG WKH VDWXUDWLRQSRLQWRWKHUZLVHPDUJLQDO LQFUHPHQWVZLOOQRW
KDYH LPSDFW RQ RXWSXW VLQFH WKH\ QR ORQJHU FDXVH UHGXFWLRQ LQ FRQJHVWLRQ 6DQFKH] 5REOHV

(PSLULFDOSDSHUVLQWKLVOLWHUDWXUHW\SLFDOO\XVH6RORZPRGHOZKHQGLPLQLVKLQJUHWXUQVWRVFDOH
 DQGHQGRJHQRXVJURZWKPRGHOVZKHQFRQVWDQW UHWXUQV WRVFDOH ERWK W\SHVRIPRGHOVDUH
EDVHGRQPRGLILHG&REE'RXJODVSURGXFWLRQIXQFWLRQ5HOHYDQFHRIHQGRJHQRXVJURZWKWKHRU\
LVWKDWJRYHUQPHQWFDQLQIOXHQFHWHFKQRORJ\DQGKHQFHJURZWKUDWH1H[WIROORZVH[SODQDWLRQRI
KRZJRYHUQPHQWSROLFLHVFDQKDYHWHPSRUDU\HIIHFWVRQJURZWKUDWHVLQWKH6RORZ6ZDQPRGHO


6RORZ  DUJXHG WKDW WKH SROLF\ VLGH LW PD\ WDNH GHOLEHUDWH DFWLRQ WR PDLQWDLQ IXOO
HPSOR\PHQW%XWWKHPXOWLSOLFLW\RIURXWHVWRIXOOHPSOR\PHQWYLDWD[H[SHQGLWXUHDQGPRQHWDU\
SROLFLHV OHDYHV WKH QDWLRQ VRPH OHHZD\ WR FKRRVH ZKHWKHU LW ZDQWV KLJK HPSOR\PHQW ZLWK
UHODWLYHO\ KHDY\ FDSLWDO IRUPDWLRQ ORZ FRQVXPSWLRQ UDSLG JURZWK RU WKH UHYHUVH RU VRPH
PL[WXUH1H[WIROORZVRXUHFRQRPHWULFGHVLJQRI WKHW\SLFDOJURZWKHTXDWLRQZKLFK LVGHULYHG
IURPWKHWKHRU\DORQJZLWKWKHDGGLWLRQDOH[SODQDWRU\YDULDEOHV



6HH$SSHQGL[SRLQWH[RJHQRXVVDYLQJVUDWHJURZWKPRGHOVDQGVWHDG\VWDWHFRQFHSW
ϳ6HH$SSHQGL[SRLQWHQGRJHQRXVJURZWKPRGHOVDQG$.PRGHO
ϴ$QG LWFDQQRWEH VXJJHVWHG WKDWNLQGRISROLF\ HJFKHDSPRQH\DQGEXGJHWVXUSOXVFDQEHFDUULHGRQZLWKRXW
VHULRXVVWUDLQV
x NLVSULYDWHFDSLWDOVWRFNWRODERXUUDWLR*NLVWKHVWRFNRISXEOLFFDSLWDO
x .LVWKHDJJUHJDWHVWRFNRISULYDWHFDSLWDOLH. 1N
x 1LVWKHFRQVWDQWQXPEHURISURGXFHUVQRUPDOL]HGWRRQH
x DLVWKHHODVWLFLW\RIRXWSXWZLWKUHVSHFWWR*N
3ROLF\LPSOLFDWLRQV
ϭϯ




:HFDQRXWOLQHRXUHPSLULFDOPRGHODVIROORZV


1RWDOOVWXGLHVXVWKLVHTXDWLRQLQGHHGQRWRQHVWXG\XVHVH[DFWO\WKLVHTXDWLRQ+RZHYHUWKLVLV
UHSUHVHQWDWLYHLQWKHVHQVHWKDWDFRUHRIYDULDEOHVGLUHFWO\IURPJURZWKWKHRU\ZKLFKDSSHDULQ
PRVWJURZWKPRGHOVDUH LQWKLVPRGHO1H[W WKLVPRGHO LVDXJPHQWHGZLWKDVXEVWDQWLDO OLVWRI
JURZWKUHODWHGYDULDEOHV7KHOLVWRIDXJPHQWLQJYDULDEOHVYDULHVIURPVWXG\WRVWXG\,QVSLWHRI
WKHVHGLIIHUHQFHVDOORIWKHVWXGLHVLQWKLVOLWHUDWXUHKDYHLQFRPPRQWKHLQFOXVLRQRIRQHRUPRUH
YDULDEOHVUHSUHVHQWLQJLQIUDVWUXFWXUH1H[WZKDWIROORZVLVDVHFWLRQRQWKHH[SODQDWLRQRIVRPH
RIWKHYDULDEOHVLQWKHPRGHO



*URZWK UDWH RI UHDO*'3 SHU FDSLWD LV D IXQFWLRQ RI LQLWLDO DQG VWHDG\VWDWH UHDO*'3 SHU
ZRUNHUVHH$SSHQGL[VHFWLRQH[SODQDWLRQVRQWKHWHUPVWHDG\VWDWHUHDO*'3SHUZRUNHU
3RRUHU HFRQRP\ ZLWK ORZHU LQLWLDO RXWSXW KDV KLJKHU JURZWK UDWH ([SHFWHG VLJQ RQ E  LV
QHJDWLYHIURPWKHWKHRU\EHFDXVHFRXQWULHVZLWKORZHULQLWLDORXWSXWJURZIDVWHUWKDQFRXQWULHV
ZLWKKLJKHULQLWLDORXWSXW


7KLVYDULDEOHLVRXUPDLQYDULDEOHRILQWHUHVWDQGLWLVDSUR[\IRULQIUDVWUXFWXUHFDSLWDO7KHRU\
SUHGLFWV SRVLWLYH DVVRFLDWLRQEHWZHHQ LQIUDVWUXFWXUH LQYHVWPHQW DQGJURZWKRI*'37KHUHIRUH
WKHH[SHFWHGVLJQRQE  LVSRVLWLYH




ϵ7KHJURZWKHIIHFWRIWKHVHYDULDEOHVLQWKHOLWHUDWXUHDVDZKROHZLOOQRZEHHYDOXDWHGZLWK05$
(FRQRPHWULFGHVLJQ
 

WRUVSROLQVWIDFVL]HJRYHUQPHQWJHUDWHUHDOH[FKDQGHWHUPVRIWUDRSHQQHVV EEEEE
HUURUWHUPDOKXPDQFDSLW  
E
ODWLRQGHEWHFRQYHUJHQFDWLRWDOWR*'ULYDWHFDSLSXEOLFDQGSSXWLQLWLDORXWFRQVWJURZWK LQI3U
 EEEEE  
,QLWLDORXWSXW
3XEOLFDQGSULYDWHLQIUDVWUXFWXUHFDSLWDOWR*'3UDWLR
ϭϰ



7KHUHVHDUFKRQFRQYHUJHQFHKDVEHHQWKURXJKDVHYHUDOVWDJHVDWILUVWUHSUHVHQWHGE\ZRUNV
RI%DXPROFRQYHUJHQFHZDVVWXGLHGXQGHUWKHDVVXPSWLRQWKDWDOOFRXQWULHVRIWKHVDPSOH
KDYHVDPHVWHDG\VWDWHOHYHOVRILQFRPH7KLVQRWLRQODWHUFDPHWREHNQRZQDVDEVROXWHFRQYHUJHQFH
0DQNLZ HWDO  LQWURGXFHGWKHFRQFHSWRI FRQGLWLRQDO FRQYHUJHQFH ,WKDVEHHQHPSKDVL]HGWKDW
WKHJURZWK WKHRU\QRZGLG LPSO\ LGHQWLFDO VWHDG\VWDWH OHYHOVRI LQFRPH 7KHPDLQHFRQRPLF
LPSOLFDWLRQVIURPWKHWZRFRQFHSWVRQFRQYHUJHQFHDUH
,QVXPWKH6RORZPRGHODGGUHVVHVSHU FDSLWD LQFRPHFRQYHUJHQFH &ODYXVRJOX7HEDOGL
6RORYLDQPRGHOVDUHERWKHPSLULFDOO\DQGWKHRUHWLFDOO\SURJUHVVLYH













NJURZVIDVWHULQHFRQRP\EHFDXVH  N LVOHVVWKDQ  N IRUWKHHFRQRP\N  FRQYHUJHV
RYHUWLPHWR N  7KHUHIRUHWKHH[SHFWHGVLJQRQE  LVQHJDWLYHIRUPWKHWKHRU\

ϭϬ+RZHYHUGLIIHUHQFHVLQVWHDG\VWDWHZHUHFRQVLGHUHGXQGHUWKHDVVXPSWLRQRISDUDPHWULFKRPRJHQHLW\RIWKH
XQGHUO\LQJSURGXFWLRQIXQFWLRQ,VODP
ϭϭ,QWKHHPSLULFDOPRGHOVRIWKHVHOHFWHGOLWHUDWXUHPDMRULW\RISDSHUVRUPD\EHDOORIWKHPLQFOXGHYDULDEOHVIURP
WKH6RORZPRGHOLQFOXGLQJPHDVXUHRIVSHHGRIFRQYHUJHQFHWRZDUGVVWHDG\VWDWH


&RQYHUJHQFHUDWH
N&RQYHUJHVRYHUWLPHWRZDUG N  
:KLOHNDQGN  ERWKFRQYHUJHWRZDUGN  
N 
N  
N  

7LPH
 N 
 N 
)LJXUH&RQYHUJHQFHDQGWUDQVLWLRQSDWKIRUWZRHFRQRPLHV
x $EVROXWHFRQYHUJHQFHSRRUHFRQRPLHVWHQGWRJURZIDVWHUWKDQWKHULFKRQHV
x &RQGLWLRQDOFRQYHUJHQFH,IDULFKHFRQRP\KDVDKLJKHUVDYLQJUDWHWKDQDSRRUHFRQRP\
WKDQWKHULFKHFRQRP\PD\EHSURSRUWLRQDWHO\IXUWKHUIURPLWVVWHDG\VWDWHSRVLWLRQ
ϭϱ

,QWKHHPSLULFDOSDSHUV  EDJQ  GO LVWKHVSHHGRIFRQYHUJHQFHZKLFKLVSUR[\
IRU FRQYHUJHQFH YDULDEOH ,Q WKLV YDULDEOH UDWH RI GHSUHFLDWLRQ G  LV REVHUYDEOH GDWD RQ
SRSXODWLRQJURZWKQDUHDYDLODEOHGDWDRQWKHUDWHRIWHFKQLFDOSURJUHVVJDUHQRWREVHUYDEOH
7KLV GDWD DUH GHULYHG IURP WKH JURZWK DFFRXQWLQJ H[HUFLVH 7KH LQLWLDO RXWSXW YDULDEOH
LQFRUSRUDWHV WKHSURFHVVRIFRQYHUJHQFH7KHYDULDEOHFRQYHUJHQFHUDWH LQWKLV05$FRQBU LV
FRPELQHGYDULDEOHRI LQLWLDORXWSXW DQG FRQYHUJHQFH LQ WKH FRGHGSDSHUV7KHJURZWKUDWH LW LV
GHWHUPLQHGE\WKHDFFXPXODWLRQRIWKHSURGXFWLYHIDFWRUVDQGWKHUDWHRIWHFKQRORJLFDOSURJUHVV
-LPHQH]7KHJURZWKUDWHRI*'3SHUZRUNHUJURZVGHSHQGVRQWHFKQRORJLFDOSURJUHVV
J DQG JURZWK RI FDSLWDO SHU ZRUNHU %DUUR   )RU WKH SXUSRVH RI WKH DQDO\VLV LQ WKH
$SSHQGL[VHFWLRQLVWKHH[SODLQHGWKHEDVLFHPSLULFDOIUDPHZRUNIRUWKHYDULDEOHVIURPWKH
WKHRUHWLFDOPRGHODQGZKDWIROORZVDUHH[SODQDWLRQVRQWKHDGGLWLRQDOYDULDEOHVDQGKXPDQFDSLWDO
XVHGLQWKHDXJPHQWHGIUDPHZRUNRIWKHPRGHO


$OWKRXJK SUHYLRXV VWXGLHV KDG VKRZQ WKDW DQ LQFUHDVH LQ JRYHUQPHQW GHEW UDLVHV WKH UHDO
LQWHUHVW UDWH DQG ORZHUV WKH UDWH RI HFRQRPLF JURZWK %DUUR  VKRZHG WKDW LQFUHDVH LQ
JRYHUQPHQW VSHQGLQJPD\ LQFUHDVHRUGHFUHDVH WKH UDWHRIJURZWK LQ DPRGHOZLWKSURGXFWLYH
JRYHUQPHQWVSHQGLQJ7KLVPRGHOLVNQRZQDVWKH'LDPRQGW\SH2*PRGHO/LQ
7KLVPRGHO LVEDVHGRQDQDVVXPSWLRQ WKDW JRYHUQPHQW OLYHV IRUHYHUE\ FROOHFWLQJ WD[HV DQG
LVVXLQJGHEWWRILQDQFHLWVVSHQGLQJ
7KHHIIHFWRIJRYHUQPHQWGHEWRQWKHSHUFDSLWDRXWSXWLVQRWPRQRWRQLF$QLQWURGXFWLRQRI
JRYHUQPHQWGHEWZLOO LQFUHDVHWKHJURZWKRISHUFDSLWDRXWSXWLI WKHJURZWKUDWHLVJUHDWHUWKDQ
WKH UHDO LQWHUHVW UDWHZKHUHDV WKHGHFUHDVHRI WKH JURZWK UDWH KDSSHQV LI RSSRVLWH /LQ 
7KHUHIRUHWKHH[SHFWHGVLJQRQE  LQWKHRXWOLQHHPSLULFDOPRGHOLVLQGHWHUPLQDWHLQWKHRU\LW
PD\EHHLWKHUSRVLWLYHRUQHJDWLYH


7KHFRQVWUXFWLRQRIDPRGHO WRVKRZWKH LQIODWLRQ JURZWK OLQNDJH LVHDVLHU LQ WKHRU\ WKDQ LQ
SUDFWLFH8VXDOO\ WKH*'3GHIODWRU LW LVXVHGDVDPHDVXUHIRU LQIODWLRQ$OH[DQGHU0RVW
SDSHUVOHDYHDVLGHWKHSRVVLELOLW\WKDWWKHUHPD\EHSRVLWLYHFRUUHVSRQGHQFHEHWZHHQLQIODWLRQ
DERYH  SHUFHQW DQG HFRQRPLF JURZWK 3ROLQ =KX  1H[W LW LV SUHVHQWHG QRQOLQHDU

ϭϮ6HH$SSHQGL[SRLQWRQWKHFRQFHSWRILQLWLDOOHYHORIWHFKQRORJ\
ϭϯ,WLVVLPLODUWRWKH8]DZD²/XFDVPRGHOWKHHFRQRP\ZLWKWZRJRRGV²SK\VLFDODQGKXPDQFDSLWDOXQLWVRI
HIIHFWLYHODERXU
ϭϰ0RVWRIWKHHPSLULFDOVWXGLHVDUHLQFRQFOXVLYHDERXWWKLVUHODWLRQVKLSEHWZHHQHFRQRPLFJURZWKDQGLQIODWLRQ
*RYHUQPHQWGHEWDQGHFRQRPLFJURZWKDQGSXEOLFH[SHQGLWXUHV
,QIODWLRQDQGHFRQRPLFJURZWK
ϭϲ

UHODWLRQVKLSEHWZHHQLQIODWLRQDQGJURZWK,QLWLDOSRVLWLYHUHODWLRQVKLSLVRQORZOHYHOVRILQIODWLRQ
DQGKDVWWRGRZLWKERXQGHGUDWLRQDOLW\RIHFRQRPLFDJHQWV*HQHUDOL]HGH[SHFWDWLRQVK\SRWKHVLV
FRQILUPVWKDWLQGLYLGXDOVIRUWKHLUIRUHFDVWDERXWWKHLQIODWLRQDUHXVLQJWKHLUH[SHULHQFH$WORZHU
OHYHOV RI LQIODWLRQ GHPDQG VWLOO ZRXOG ULVH ZKLFK ZLOO FDXVH ULVH LQ RXWSXW  $QG QHJDWLYH
UHODWLRQVKLSIURP(WR(LVGXHWRVWDJIODWLRQ*RNDO+DQLI0RQH\LOOXVLRQLPSOLHVWKDW
QHJDWLYHUHODWLRQVKLSEHWZHHQXQHPSOR\PHQWDQGLQIODWLRQGHVFULEHGE\WKH3KLOLSVFXUYHKROGV
,IZRUNHUVXVHQRPLQDOZDJH DV UHIHUHQFHSRLQW ILUPV FDQNHHS UHDOZDJHV ORZHU LQSHULRGVRI
KLJK LQIODWLRQ DVZRUNHUV DFFHSW VHHPLQJO\KLJKQRPLQDOZDJHV3URGXFWLRQ LV OHVVSURILWDEOH LQ
SHULRGVRIVXSSO\VKRFNHJLQFUHDVHLQWKHSULFHRIRLOLQDQRLOLPSRUWLQJFRXQWU\ZKLFKWHQGWR
UDLVHWKHSULFHV
LR
 2XWSXW

,Q WKH ORQJ UXQ PRGHUDWH VWHDG\VWDWH LQIODWLRQ SHUPLWV PD[LPXP HPSOR\PHQW DQG RXWSXW
0DLQWHQDQFH RI ]HUR LQIODWLRQ PHDVXUDEO\ LQFUHDVHV WKH VXVWDLQDEOH XQHPSOR\PHQW UDWH DQG
FRUUHVSRQGLQJO\ UHGXFHV WKH OHYHO RI RXWSXW $NHUORI 'LFNHQV 3HUU\  7KHUHIRUH WKH
H[SHFWHG VLJQ RQ WKH E   FRHIILFLHQW LV H[SHFWHG WREH LQGHWHUPLQDWH UHIOHFWLQJ WKH QRQOLQHDU
UHODWLRQVKLSEHWZHHQLQIODWLRQDQGJURZWKIURPWKH$NHUORIWKHRU\
 
(FRQRPLFJURZWKUHTXLUHVDQGGRHVGHSHQGRQRSHQQHVVDQGRXWZDUGRULHQWDWLRQDQGWKDWLV
ZK\ WUDGH SROLFLHV VXFK DV H[SRUW SURPRWLRQ LQFHQWLYHV WDNLQJ DGYDQWDJH RI OXFUDWLYH IRUHLJQ
PDUNHWV DUH LQFUHDVLQJO\ EHFRPLQJ D PXVW DPRQJ WKH /'&·V 0HULNDV  2QO\ DQ RSHQ
HFRQRP\ KDV WKH RSSRUWXQLW\ WR IUHHO\ H[SRUW DQG LPSRUW WHFKQRORJLFDO LQQRYDWLRQ DQG
NQRZOHGJHDQGXOWLPDWHO\WRLPSURYHIDFWRUSURGXFWLYLW\0HULNDV7UDGHRSHQQHVV
 z
ư
ʋϮ (
(
(
(ư
)LJXUH,QIODWLRQDQGJURZWKFKDQJHLQRXWSXW
,Q
IOD
WLR
Q
7UDGHRSHQQHVVDQGHFRQRPLF*URZWK
ϭϳ

LQFUHDVHVWKHFRPSHWLWLRQDQGSURGXFWLRQRIRXWZDUGRULHQWDWHGILUPVLQWKHHFRQRP\WKHUHIRUH
WKHH[SHFWHGVLJQRQE  LVSRVLWLYHIURPWKHWKHRU\

7KHREMHFWLYHKHUH LW LV WRDVVXPH WKDW LI D FRXQWU\·VH[SRUWVDUHFDSLWDO LQWHQVLYH D FRXQWU\·V
WHUP RI WUDGH DQG FDSLWDOODERXU UDWLR FDQ HYROYH LQ WKH VDPH GLUHFWLRQ DORQJ D GLYHUVLILHG
SURGXFWLRQSDWK3HULRGVRI SRVLWLYH FDSLWDO DFFXPXODWLRQ FDQEH FKDUDFWHUL]HGE\ WKH WHUPVRI
WUDGHLPSURYHPHQWV*XLOOR,IWKHSULFHRIWKHJRRGWKDWH[SRUWFRXQWU\VHOOVLVORZHUWKDQ
WKHZRUOGSULFHWKHFRXQWU\ZLOOH[SRUWPRUHFRXQWU\·VSURGXFHUVZLOOSURGXFHPRUHZKLFKOHDGV
WRDJURZWKRI*'37KHUHIRUHWKHH[SHFWHGVLJQRQE  LVSRVLWLYHIURPWKHWKHRU\

2Q WKH HPSLULFDO VLGH WKHUH DUH PRGHOV WKDW K\SRWKHVL]H D OLQHDU RU QRQOLQHDU UHODWLRQVKLS
EHWZHHQ UHDO H[FKDQJH UDWH SXUFKDVLQJ SRZHU SDULW\ DQG SXEOLF LQYHVWPHQW DQG EHWZHHQ WKH
ORQJUXQJURZWKUDWHDQGSXEOLFLQYHVWPHQW*KRVK3D\D,IWKHJURZWKDQGH[FKDQJHUDWH
DUHQHJDWLYHO\ DVVRFLDWHG D ULVH LQ WKH UHDOH[FKDQJH UDWHZRXOGPHDQ IDOORI WKHRXWSXW ,I LW LV
LQYHUWHGWKH UHDOH[FKDQJHUDWH UHODWLRQVKLSVRWKDWDIDOOPHDQVDULVH LQSULFHFRPSHWLWLYHQHVV
ZKLFK LV JURZWK SURPRWLQJ ZKLFK DOVR PHDQV ULVH LQ RXWSXW 7KHUHIRUH WKH VLJQ RQ E  LV
LQGHWHUPLQDWH


$VSUR[\IRU*RYHUQPHQWVL]HLQWKLVPRGHOLVWDNHQJRYHUQPHQWH[SHQGLWXUH7KHRUHWLFDOO\LWLV
VXJJHVWHG WKDW ODUJHU JRYHUQPHQW VL]H LV OLNHO\ WR EH GHWULPHQWDO WR HIILFLHQF\ DQG HFRQRPLF
JURZWK WKHUHJXODWRU\SURFHVV LPSRVHVEXUGHQVDQGFRVWRQWKHHFRQRPLFV\VWHPDQGPDQ\RI
WKHJRYHUQPHQW·VILVFDOSROLFLHVWHQGWRGLVWRUWHFRQRPLFLQFHQWLYHVDQGORZHUWKHSURGXFWLYLW\RI
WKH V\VWHP 5DP  ,Q DGGLWLRQ WKH ILQDQFLQJRI SXEOLF H[SHQGLWXUHV WKURXJK LQWHUQDO DQG
H[WHUQDO LQGHEWHGQHVV DQG WKH UHSUHVVLRQ RI WKH SULYDWH ILQDQFLDO V\VWHP KDV FURZGHGRXW WKH
SULYDWH VHFWRU IURPSURILWDEOH LQYHVWPHQWDFWLYLWLHV *KDOOL7KHFRQFHSWRIFRQJHVWLRQ LV
LPSOLHG LQ WKLV YDULDEOH WKURXJK WKH IHDWXUH RI RSWLPDO VL]H RI WKH SXEOLF VHFWRUZKLFK IRU WKH
GHYHORSLQJFRXQWULHVLVSUHVHQWHGLQ7DEOH*RYHUQPHQWVL]HDQGHFRQRPLFJURZWKDUHLQYHUVHO\
UHODWHGWKHUHIRUHWKHH[SHFWHGVLJQRQE  LVLQGHWHUPLQDWHEHFDXVHDWORZOHYHOVRIVWDWHDFWLYLW\
LQFUHDVHVPD\EHJURZWKSURPRWLQJZKLOHDWKLJKOHYHOVRIVWDWHDFWLYLW\LQFUHDVHLQSXEOLFVHFWRU
DFWLYLW\PD\EHJURZWKGHWUDFWLQJ
*RYHUQPHQWVL]HDQGHFRQRPLFJURZWK
7HUPVRI7UDGHDQG(FRQRPLF*URZWK
5HDO([FKDQJHUDWHSXEOLFLQYHVWPHQWDQG*URZWK
ϭϴ



6LQFH $GDP 6PLWK LW KDV EHHQ REVHUYHG WKDW HFRQRPLF SHUIRUPDQFH GHSHQGV LQ SDUW RQ
SROLWLFDODQGLQVWLWXWLRQDOIDFWRUV6LUPDQQ+DDQ0RVWHPSLULFDOVWXGLHVSRLQWWRSROLWLFDO
LQVWDELOLW\DVDKLQGUDQFHIRUHFRQRPLFJURZWKVLQFHSROLWLFDO LQVWDELOLW\UHGXFHVERWKVXSSO\RI
FDSLWDO DQG VXSSO\ RI ODERXU 'HYLDWLRQ RI RXWSXW IURP WKH LPSOLHG JURZWK UDWH LV GXH WR
FKDQJHVLQWHFKQRORJ\LQVWLWXWLRQDOFKDQJHDQGIDLOXUHRIWKHDVVXPSWLRQVWKDWJRWRJHWKHUZLWK
WKH DVVXPSWLRQRI FRQVWDQW UHWXUQV WR VFDOHDQGFRPSHWLWLYHPDUNHWV IRU IDFWRUVRISURGXFWLRQ
7DPXUD%DLHU'Z\HU 7KH VLJQRQ E   GHSHQGVRQZKHWKHU LW LVSROLWLFDO LQVWDELOLW\ LQ
TXHVWLRQ QHJDWLYHJURZWKHIIHFW RUSROLWLFDO DQGHFRQRPLF IUHHGRPYDULDEOH SRVLWLYHJURZWK
HIIHFW


(QGRJHQRXVJURZWKWKHRU\KDVDUJXHGWKDWHLWKHUKXPDQFDSLWDORUWUDGHLVSULPDU\HQJLQHRI
HFRQRPLF JURZWK ,Q HPSLULFDO VWXGLHV %DUUR  DQG RWKHUV IRXQG HYLGHQFH WKDW KXPDQ
FDSLWDO IRVWHUHG FRXQWULHV ORQJUXQ JURZWK UDWHV <LK   7KH H[LVWLQJ OLWHUDWXUH FRQWDLQV D
QXPEHU RI UDWLRQDOHV IRU LQFOXVLRQ RI KXPDQ FDSLWDO YDULDEOH LQ DXJPHQWHG IUDPHZRUN  RQ
PRGHOVRIHFRQRPLFJURZWK7ZRRIWKHPDUH

VW FDVH VXJJHVWV D UROH WR D JURZWK UDWH RI +& LQ JURZWK UHJUHVVLRQV ZKLOH QG FDVH 05:
YHUVLRQSUHGLFWVDUROHIRUWKHSURSRUWLRQRIHFRQRPLFUHVRXUFHVGHYRWHGWRWKHDFFXPXODWLRQRI+&LQ
DJURZWKUHJUHVVLRQUDWKHUWKHQPHDVXUHVRITXDQWLW\RI+&LQSXWV

ϭϱ%ODQND6DQFKH]5REOHVLQKHUHPSLULFDOVWXG\VKRZHGWKDWSROLWLFDOLQVWDELOLW\KDVQHJDWLYHLPSDFWRQWKH
JURZWKRI*'3
ϭϲ6HHWKHDXJPHQWHGIUDPHZRUNRIWKH6RORZPRGHOZLWKKXPDQFDSLWDOYDULDEOHLQFOXGHG$SSHQGL[
ϭϳ ,Q 5RPHU  DQG RWKHU HQGRJHQRXV PRGHOV WKH LQWHUDFWLRQ EHWZHHQ WKH WHFKQRORJ\ RI KXPDQ FDSLWDO
DFFXPXODWLRQDQGDJHQW·VSUHIHUHQFHVZLOOGHWHUPLQHWKHHFRQRP\·VUDWHRIJURZWK&DEEDOH6DQWRV
ϭ3ROLWLFDODQGLQVWLWXWLRQDOIDFWRUVDQGHFRQRPLFJURZWK
+XPDQFDSLWDODQGJURZWK
 '\QDPLF &REE'RXJODVV SURGXFWLRQ IXQFWLRQ FDQ UHDGLO\ EH H[WHQGHG WR LQFOXGH
KXPDQFDSLWDOVXFKWKDWJURZWKDJJUHJDWHRXWSXWSHUFDSLWDRXWSXWLVDIXQFWLRQRI
KXPDQFDSLWDO
 0DQNLZ HW DO  GHPRQVWUDWHG WKDW DQ DXJPHQWHG 6RORZ PRGHO \LHOGV D SHU
FDSLWDLQFRPHJURZWKHTXDWLRQZLWKSK\VLFDODQGKXPDQFDSLWDOLQYHVWPHQWUDWHVDV
UDWLRVRI*'3*HPPHO
ϭϵ

7KH HIIHFWLYH ODERXU LV WKH VXPRI  VNLOOZHLJKWHGPDQKRXUV GHYRWHG WR FXUUHQW SURGXFWLRQ
/XNDV ,W LV JHQHUDOO\ VXSSRVHG WKDW FHQWUDO REMHFWLYH RI VFKRROLQJ LV WR GHYHORS KXPDQ
FDSLWDO WKDW PD\ EH QHHGHG IRU HFRQRPLF JURZWK *XWHPD %HNHOH  $FFRUGLQJ WR
HQGRJHQRXVJURZWKPRGHOV/XNDVVFKRROLQJLVDYHKLFOHIRUKXPDQFDSLWDO([SHFWHG
VLJQIURPWKHWKHRU\RQE  LVH[SHFWHGWREHSRVLWLYH
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


ϭϴ$SSOLHGYHUVLRQVRIHDFKRIWKHVHPRGHOVKDYHDGRSWHG+&PHDVXUHVZKLFKDUHVLPLODUDQGWDNHIRURIVHFRQGDU\
RUKLJKHUVFKRROLQJHQUROPHQWUDWHRUIROORZLQJ%DUUR PDQ\HPSLULFDOVWXGLHV LQFOXGHGDWDRQHGXFDWLRQDO
DWWDLQPHQW\HDUVRIVFKRROLQJRUHYHQKRXUV

ϮϬ




)ROORZLQJ -DUUHOO DQG 6WDQOH\  DQG FRQVLGHULQJ 6WDQOH\  DQG UHFRPPHQGDWLRQV
IURP3XJKDQG&RULF DERXW WKHGHJUHHVRI IUHHGRP WKH05$PRGHOKDV WKH IROORZLQJ
IXQFWLRQDOIRUP







ϭϵ,QFKDSWHUWKUHHZLOOEHSUHVHQWHGWKHILQDOSDUVLPRQLRXVPRGHOZKLFKZLOOEHWHVWHGE\GLIIHUHQWHFRQRPHWULF
WHFKQLTXHV
&KDSWHU
0RGHO6SHFLILFDWLRQ
¦  X=') MMNNMWVWDW DELQW
x  M ,QGH[HVWKHUHJUHVVLRQVLQWKHOLWHUDWXUH
x  N LQGH[HVWKHPRGHUDWRUYDULDEOHV
x FRRHO LVWKHFRHIILFLHQWRQWKHJURZWKYDULDEOHLQORJORJIXQFWLRQDOIRUP
x ,QWLQWHUFHSWWHUP
x ') M LVWKHGHJUHHVRIIUHHGRPRIMWKUHJUHVVLRQ
x E  LV WKH FRHIILFLHQW WR EH HVWLPDWHG DQG PHDVXUHV WKH UHODWLRQVKLS EHWZHHQ WKH
VTXDUHURRWRIGHJUHHVRIIUHHGRPDQGWKHHIIHFWVL]H
x = MN DUHPRGHUDWRUYDULDEOHVZKLFKUHIOHFWWKHPDLQGDWDDQGFKDUDFWHULVWLFVRIMWK
UHJUHVVLRQ
x DN DUH N FRHIILFLHQWV WR EH HVWLPDWHG  HDFK RI ZKLFK PHDVXUHV WKH HIIHFW RI D
PRGHUDWRUYDULDEOHRQWKHHIIHFWVL]H
x HX LM  DUHWKHXVXDOUHVLGXDOVLQWKHUHJUHVVLRQ
x /²UHSUHVHQWVWKHQXPEHURIVWXGLHV
x  6 HL LVWKHLQYHUVHRIVWDQGDUGHUURU
x W ͲLVWKHXVXDOWVWDWLVWLFV
  H6W LHL   EE  H6 LHLFRRHO   EE 2UWVWDWDVHIIHFWVL]H
Ϯϭ




7KH YDULDEOH RI LQWHUHVW LQ WKLVPHWDUHJUHVVLRQ LV SXEOLF FDSLWDO LQIUDVWUXFWXUH 7R EHPRUH
SUHFLVH LW LV WKH SXEOLF FDSLWDO WR*'3 UDWLR 6WXGLHV DUH FRPSDUHG DQG UHVXOWV DUH FRPELQHG
0HWDDQDO\VLV XVXDOO\ LV GRQH LI WKH DXWKRU LV QRW FHUWDLQ DERXW WKH UHVXOW IURP RQH SDUWLFXODU
VWXG\$QGZKHQWKHVHVWXGLHVDUHKHWHURJHQHRXVVWUDLJKWIRUZDUGFRPELQDWLRQRIWKHWHVWUHVXOWV
PD\ EH WRR VLPSOLVWLF DQG PRUH VRSKLVWLFDWHG WHFKQLTXHV VKRXOG EH XVHG .XOLQVND\D
0RUJHQWKDOHU6WDXGWH



$IWHUFRPSLOLQJWKHVHWRIUHOHYDQWVWXGLHVDVXPPDU\VWDWLVWLFRIWKHHIIHFWVL]HKDVWREHFKRVHQ

6WDQOH\DQG-DUUHOOUHFRPPHQGHGWKDWLQHFRQRPLFVWKHWYDOXHRIUHJUHVVLRQLVWKHQDWXUDO
HIIHFW VL]H7KH HIIHFW VL]H DSSUR[LPDWHV WKH VWDQGDUGQRUPDO GLVWULEXWLRQ1a   XQGHU WKH
QXOOK\SRWKHVLVRIQRHIIHFW7KHWVWDWLVWLFVKDVQRGLPHQVLRQDOLW\DQGLWLVVWDQGDUGL]HGPHDVXUH
RQ WKH SDUDPHWHUV RI LQWHUHVW 6WDWLVWLFDO WKHRU\ SUHGLFWV UHODWLRQVKLS EHWZHHQ WUDWLR DQG WKH
VTXDUHG URRW RI WKH GHJUHHV RI IUHHGRP 7KH IRUPXOD IRU WKH WYDOXH RQ WKH HVWLPDWHG
FRHIILFLHQW E L LVDVIROORZVZKHUHWKHGHQRPLQDWRULQWKHVTXDUHEUDFNHWVLVWKHVWDQGDUGHUURURI
E L 





$FFRUGLQJWR6WDQOH\WRWHVWIRUDQDXWKHQWLFUHODWLRQVKLSWKHVTXDUHURRWRIGHJUHHVRIIUHHGRPVKRXOGEH
XVHGLQVWHDGGHJUHHVRIIUHHGRP
9DULDEOHRILQWHUHVW
(IIHFW6L]HDQGFRQWUROOLQJIRUGHJUHHVRIIUHHGRP
x WRFRPELQHDQGFRPSDUHWKHHIIHFWVVL]HRIWKHVWXGLHVWRILQGWKHLUPHDQYDOXHDQG
WHVWWKHLUVLJQLILFDQFH
x DQGDVWKHGHSHQGHQWYDULDEOHRIWKH05$
ϮϮ

') JLYHV WKH GLIIHUHQFH EHWZHHQ WKH QXPEHU RI REVHUYDWLRQV DQG QXPEHU RI LQGHSHQGHQW
YDULDEOHVLQWKHPRGHO3RVLWLYHRUQHJDWLYHVWDWLVWLFDOO\VLJQLILFDQWDVVRFLDWLRQEHWZHHQWKHVTXDUHG
URRWRIWKHGHJUHHVRIIUHHGRPDQGWKHWVWDWLVWLFVLVNQRZQDVH[LVWHQFHRIWKHDXWKHQWLFHPSLULFDO
HIIHFW
(DUOLHU VWXGLHV WKDW HPSOR\ GLIIHUHQW PRQHWDU\ LQGLFHV FDQQRW EH FRPSDUHG 7KHUHIRUH WKH
HIIHFWVL]HLVFKRVHQWREHDSXUHQXPEHUWRDYRLGWKDWSUREOHPIRUWKHYDULDEOHRILQWHUHVW




05$ V\QWKHVL]HV WKH HPSLULFDO OLWHUDWXUH E\ LGHQWLI\LQJ LPSRUWDQW VWXG\ FKDUDFWHULVWLFV RU
PRGHOVSHFLILFDWLRQVDQGUHIOHFWLQJWKRVHGLIIHUHQFHVLQ= MN 7KHW\SHVRIHOHPHQWVWKDWPDNHXS
WKH= MN PLJKWLQFOXGH









0RGHUDWRU9DULDEOHV
x 'XPP\ YDULDEOHVZKLFK UHIOHFW ZKHWKHU SRWHQWLDOO\ UHOHYDQW LQGHSHQGHQW YDULDEOHV
KDYHEHHQRPLWWHGIURPRULQFOXGHGLQWKHSULPDU\VWXG\
x 6SHFLILFDWLRQ YDULDEOHV WKDW DFFRXQW IRU GLIIHUHQFHV LQ IXQFWLRQDO IRUPV  W\SHV RI
UHJUHVVLRQVDQGGDWDGHILQLWLRQVDQGVRXUFHV
x 6DPSOHVL]H
x 6HOHFWHGFKDUDFWHULVWLFVRIWKHDXWKRUVRIWKHSULPDU\OLWHUDWXUH
x 0HDVXUHVRIUHVHDUFKRUGDWDTXDOLW\

Ϯϯ






0DQ\ DXWKRUV SRLQW RXW WKDW SXEOLFDWLRQ ELDV LV OLNH QHZ IRUPXODWLRQ RI *UHVKDP·V ODZ EDG
UHVHDUFK GULYHV RXW JRRG UHVHDUFK 3XEOLFDWLRQ ELDV RU WKH ´ILOH GUDZHU SUREOHPµ LV WKH
FRQVHTXHQFH RI FKRRVLQJ UHVHDUFK SDSHUV IRU WKH VWDWLVWLFDO VLJQLILFDQFH RI WKHLU ILQGLQJV 
6WDQOH\,WKDVEHHQDUJXHGWKDWDFDGHPLFRUUHIHUHHGMRXUQDOVKDYHDWHQGHQF\WRSXEOLVK
SDSHUVZLWKVWDWLVWLFDOO\VLJQLILFDQWUHVXOWV6WDWLVWLFDOVLJQLILFDQFHLVMXGJHGE\ZKHWKHUWKHWUDWLR
RIWKHH[SODQDWRU\YDULDEOHLVKLJKHURUH[FHHGVLQDEVROXWHYDOXH&DUG.UXHJHU7KHUH
LV QDWXUDO WHQGHQF\ RI UHYLHZHUV DQG HGLWRUV WR ORRN PRUH IDYRXUDEO\ RQ WKH VWXGLHV ZLWK
VWDWLVWLFDOO\VLJQLILFDQWUHVXOWV6WXGLHVWKDWILQGUHODWLYHO\VPDOODQG´LQVLJQLILFDQWµUHVXOWVWHQGWR
UHPDLQLQWKH´ILOHGUDZHUµ


*HQHUDOO\ RQ WKH QRWLRQ RQ ILOH GUDZHU SUREOHP DUH LGHQWLILHG WKUHH VRXUFHV RI SXEOLFDWLRQ
VHOHFWLRQLQHFRQRPLFV

Ϯϭ2USXEOLFDWLRQELDVLVDWHQGHQF\WRSXEOLVKVWXGLHVGHSHQGLQJRQWKHPDJQLWXGHGLUHFWLRQDQGVWDWLVWLFDO
VLJQLILFDQFHRIWKHUHVXOWV0F'DQLHO5RWKRWHLQ:KHW]
ϮϮ:LWKPHWDDQDO\VHVVWDWLVWLFDOPHWKRGVFDQEHHPSOR\HGWRLGHQWLI\RUDFFRPPRGDWHWKHVHELDVHV

'HILQLQJ3XEOLFDWLRQ%LDV
3XEOLFDWLRQ%LDV
´0DQ\RWKHUFRPPHQWDWRUVKDYHDGGUHVVHGWKHLVVXHRISXEOLFDWLRQELDV
$OODJUHHWKDWLWLVDVHULRXVSUREOHPµ%HJJDQG%HUOLQSFLWHGLQ6WDQOH\
x 5HVHDUFKHUV RU HGLWRUV PD\EH DUH SUHGLVSRVHG WR DFFHSW SDSHUV FRQVLVWHQW ZLWK WKH
FRQYHQWLRQDOYLHZ
x 5HVHDUFKHUV PD\ XVH WKH SUHVHQFH RI FRQYHQWLRQDOO\ H[SHFWHG UHVXOWV DV D PRGHO
VHOHFWLRQWHVW
x $QG´VWDWLVWLFDOO\VLJQLILFDQWµUHVXOWVDUHWUHDWHGPRUHIDYRXUDEO\
6RXUFHVRI3XEOLFDWLRQ6HOHFWLRQ
Ϯϰ



7KHVWDQGDUGHUURUV 6HVDUHSUHGLFWDEO\ ODUJHU LQVPDOO VDPSOHVDQG WKHVWXGLHV WKDWXVH
VPDOOVDPSOHVZLOOILQGLWPRUHGLIILFXOWWRSURGXFHWKHQHHGHGVLJQLILFDQWUHVXOWV7KHVLPSOHVW
DQGPRVWFRPPRQO\XVHGPHWKRGRIGHWHFWLRQRISXEOLFDWLRQELDVLVDQLQIRUPDOH[DPLQDWLRQRID
IXQQHOSORW$ IXQQHOJUDSK LVD VFDWWHUGLDJUDPRISUHFLVLRQYHUVXVQRQVWDQGDUGL]HGHIIHFWV IRU
H[DPSOH LQYHUVH RI WKH VWDQGDUG HUURU 6H RU WKH VTXDUH URRW RI WKH GHJUHHV RI IUHHGRP
8VXDOO\LIWKHSORWLVRYHUZHLJKWHGRQRQHVLGHRUDQRWKHUWKDWLVWDNHQDVHYLGHQFHRISXEOLFDWLRQ
VHOHFWLRQ&KHFNLQJJUDSKVLVODWHUFRPSOHPHQWHGE\DVLPSOH05$EHWZHHQWKHVWXG\·VUHSRUWHG
HIIHFWVUHSRUWHGHODVWLFLWLHVUHJUHVVLRQFRHIILFLHQWVDQGLWVVWDQGDUGHUURU


3XEOLFDWLRQELDVLVSURSRUWLRQDOWRWKHVWDQGDUGHUURU,IZHVXSSRVHWKDWMRXUQDOVIROORZDUXOH
RISXEOLVKLQJSDSHUZKHUHWUDWLRLVKLJKHUWKDQ6LQFHWKHWUDWLRLV WKHSURFHVVZLOO
JHQHUDWH SRVLWLYH FRUUHODWLRQ DFURVV VWXGLHV EHWZHHQ FRHIILFLHQW HVWLPDWHV DQG WKHLU DVVRFLDWHG
VWDQGDUG HUURUV &DUG.UXHJHU 7KH IXQFWLRQDO IRUPV DUH DOO LQ ORJV DQG FRHIILFLHQWV DUH
GLUHFWO\FRPSDUDEOH1H[WLQDWDEOHDUHSUHVHQWHGPHWDUHJUHVVLRQWHVWVIRUSXEOLFDWLRQELDVDQG
DXWKHQWLFHPSLULFDOHIIHFW3RVLWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWFRQVWDQW DE   LVWDNHQDV
6RXUFH6WDQOH\

Ϯϯ7KHDVVRFLDWLRQRISXEOLFDWLRQELDVDQGVDPSOHVL]HIRUPVWKHEDVLVRIVHYHUDODSSURDFKHVWRSXEOLFDWLRQVHOHFWLRQ
LGHQWLILFDWLRQDQGFRUUHFWLRQ
Ϯϰ,WDOVRFDQEHWHVWHGIRUSXEOLFDWLRQELDVE\WHVWLQJZKHWKHUWKHUHLVQRPHDQLQJIXOUHODWLRQVKLSEHWZHHQVDPSOHVL]H
DQGHIIHFWVL]H
7HVW 05$PRGHO +DQGLWVLPSOLFDWLRQV
)XQQHO$V\PPHWU\

3UHFLVLRQHIIHFW
   H6W LHL   EE   zE 3XEOLFDWLRQ%LDV


zE *HQXLQHHPSLULFDOHIIHFW

3XEOLFDWLRQELDV

ILOWHUHGHIIHFW
   Y6W LHLL   EE   XG LHLL 6WFRUUHFWHG   



!E 3XEOLFDWLRQELDV

 zG *HQXLQHHPSLULFDOHIIHFW
0HWDVLJQLILFDQFH  YGIW LLL  OQOQ  DD   !D *HQXLQHHPSLULFDOHIIHFW
-RLQWSUHFLVLRQHIIHFW



PHWDVLJQLILFDQFH
%RWKRIWKHDERYH5$WHVWV 

zE RU   zG DQG

 !D *HQXLQHHPSLULFDOHIIHFW
0HWKRGVRIGHWHFWLRQRI3XEOLFDWLRQ%LDV
Ϯϱ

HYLGHQFHRI7\SH,WVWDWUHJUHVVHGRQLQYHUVHRIWKHVWDQGDUGHUURURU7\SH,,DEVROXWHWVWDW
UHJUHVVHG RQ LQYHUVH RI WKH VWDQGDUG HUURU SXEOLFDWLRQ ELDV 3RVLWLYH RU QHJDWLYH VWDWLVWLFDOO\
VLJQLILFDQW FRHIILFLHQW RQ WKH LQYHUVH RI WKH VWDQGDUG HUURU YDULDEOH LV WDNHQ DV HYLGHQFH RI
DXWKHQWLFHPSLULFDOHIIHFW



+RZHYHU EHFDXVH VWXGLHV XVH GLIIHUHQW VDPSOHV DQG PRGHOOLQJ YDULDWLRQV WKHVH UDQGRP
HVWLPDWLRQHUURUV ZLOOEHKHWHURVFHGDVWLF7KHPRVWREYLRXVSUREOHPZLWKWKLV05$PRGHORI
SXEOLFDWLRQ VHOHFWLRQ  LV NQRZQ DV KHWHURVFHGDVWLFLW\ :/6 VTXDUHV  GLYLGHV UHJUHVVLRQ
HTXDWLRQE\WKHLQGLYLGXDOVWDQGDUGHUURUZKLFKJLYHV




:HFDQLQWHUSUHWWKLVHTXDWLRQDVD:/6RIDVWDQGDUGUHJUHVVLRQ
7KLV HVWLPDWH  LV XVHIXO WHVW IRU DXWKHQWLF HIIHFWV RU LW LV DPHDVXUH RI SUHFLVLRQ YHUVXV
HVWLPDWHGHIIHFW5RVH6WDQOH\,IRQWKHRWKHUKDQGUHVHDUFKHVILQGVSRVLWLYHDVVRFLDWLRQ
EHWZHHQVTXDUHURRWRIWKH DQGWKHVWDQGDUGL]HGWVWDWLVWLFDFURVVDJLYHQHPSLULFDOOLWHUDWXUH
WKH DXWKHQWLFLW\ RI WKH HIIHFW LQ TXHVWLRQ LV FRQILUPHG6WDQOH\ 7KDW DXWKHQWLFLW\ VXJJHVWV
DEVHQFHRISXEOLFDWLRQVHOHFWLRQ7KHSUHYLRXVHTXDWLRQLVWKHEDVLVRI)XQQHODV\PPHWU\WHVW6LQFH
DOO WKH VWXGLHV RUPDMRULW\ RI WKHP XVH GLIIHUHQW GDWD VHWV GLIIHUHQW VDPSOH VL]HV DQG GLIIHUHQW
LQGHSHQGHQW YDULDEOHV YDULDQFHV PD\ QRW EH HTXDO 7KDW LV FRQWUDU\ WR WKH DVVXPSWLRQ 
:RROGULGJHRIFODVVLFDOOLQHDUUHJUHVVLRQPRGHO&/50DQGWKHUHIRUHPHWDUHJUHVVLRQ
HUURUVDUHOLNHO\WREHKHWHURVFHGDVWLF





Ϯϱ7KHRUHWLFDOSDSHUVSUHGLFWWKDWSXEOLFDWLRQELDVLVVWURQJO\LQYHUVHO\UHODWHGWRWKHVDPSOHVL]H

Ϯϲ:HLJKWHGOHDVWVTXDUHV:/6EHFRPHWKHREYLRXVPHWKRGRIREWDLQLQJHIILFLHQWHVWLPDWHVRIWKHHTXDWLRQEHWZHHQ
WKHHIIHFWVL]HDQGWKHVWDQGDUGHUURUEXWWKLVWLPHFRUUHFWHGVWDQGDUGHUURU
Ϯϳ6WDQGDUGUHJUHVVLRQLVOLNHO\WRVXIIHUIURPKHWHURVFHGDVWLFLW\
ϮϴWKDW 
+HWHURVFHGDVWLFLW\SUREOHPDQGDXWKHQWLFLW\DQGV\VWHPDWLFSXEOLFDWLRQ
  H6H6HHIIHFWW LLLLL    JJ
Ϯϲ



7KHUH DUH D QXPEHU RI  XQREVHUYHG FRHIILFLHQWV LQ XQSXEOLVKHG VWXGLHV LQ DGGLWLRQ WR
REVHUYHG VWXGLHVZKLFK DUHQRW LQFOXGHGGXH WR SXEOLFDWLRQELDV 7KHQXPEHURI WKHVH VWXGLHV
DQGFRUUHODWLRQVHIIHFW VL]HVDVVRFLDWHGZLWKWKHPLVXQNQRZQEXW LWFDQEHHVWLPDWHG7KLV LV
WKHWULPDQGILOOPHWKRG8QFHUWDLQW\RIWKHHVWLPDWHVRIWKHXQREVHUYHGVWXGLHVKDVWREHUHIOHFWHG
LQ DGMXVWHGPHWDDQDO\WLF UHVXOW 0FGDQLHO 5RWKRWHLQ:KHW]  6HFRQG WKH DVVXPSWLRQ LV
WKDWWKHGLVWULEXWLRQRIWKHHIIHFWVL]HVLQSRSXODWLRQLVKRPRJHQRXVWKDWWKHVDPSOLQJHUURULVWKH
VRXUFH RI YDULDWLRQ 7KH WULP DQG ILOO PHWKRG LQWHUSUHWV HIIHFW VL]H GLVWULEXWLRQ DV\PPHWU\ DV
HYLGHQFHRISXEOLFDWLRQELDV ,W LV LPSRVVLEOHWRHVWLPDWHWKH VHOHFWLRQPHFKDQLVPMXVWIURPWKH
VHOHFWHG VWXGLHV ZKLFK OHDGV WR ´ZRUVW FDVHµ VHQVLWLYLW\ DQDO\VLV RI SXEOLFDWLRQ ELDV -DFNVRQ
&RSDV 0HWD DQDO\VLV FRQFHUQHG WKDW SXEOLFDWLRQ ELDVPD\ EH SUHVHQW FDQ XVH WKHVH LQ
VHQVLWLYLW\ DQDO\VLV WR DVVHVV WKH UREXVWQHVVRI WKHLUHVWLPDWHVEHWZHHQ VWXG\YDULDQFHXVLQJ DQ\
VHOHFWLRQSURFHVVWKDWFDQEHXVHGLQSUDFWLFH-DFNVRQ



&RUUHFWLQJWKLVELDVLVLPSRVVLEOHZLWKRXWPDNLQJXQWHVWDEOHDVVXPSWLRQV%D\HVLDQPHWKRGV
IRU´FRUUHFWLQJµSXEOLFDWLRQELDVLQWURGXFHGE\*LYHQVHWDODVVXPHVSULRUGLVWULEXWLRQRQ
WKHQXPEHURIXQSXEOLVKHGVWXGLHV$VLWLVQRWHGGLUHFWLRQH[WHQWDQGWKHLPSDFWRISXEOLFDWLRQ
DQG UHODWHGELDVHV DUHXQFHUWDLQ DQGPD\YDU\JUHDWO\GHSHQGLQJRQFLUFXPVWDQFHV &RSDV6KL
7KHH[WUHPHYLHZRIWKHSUREOHPLV WKDW WKH MRXUQDOVDUH ILOOHGZLWKRISDSHUVZKLFK
VKRZ W\SH , HUURUZKLOH WKH ILOHGUDZHUV DUH ILOOHGZLWK WKH UHPDLQLQJ RI WKH VWXGLHV WKDW
VKRZ QRQVLJQLILFDQW UHVXOWV S! 5RVHQWKDO  6WHUOLQJ  DOVR DUJXHG WKDW QRQ
VLJQLILFDQWUHVXOWVDUHUDUHO\SXEOLVKHGDQGWKHUHIRUHWKHSXEOLVKHGOLWHUDWXUHLVIXOORIW\SH,HUURUV
+HGJHV2ONLQ


$OWKRXJKXQOLNH LQ WKHSDVW VRPH LPSURYHPHQWV DUH LQWURGXFHGQRGHILQLWLYH VROXWLRQ WR WKH
SUREOHPFDQEHVHHQ5HDVRQDEOHERXQGDULHVFDQEHHVWDEOLVKHGWRWKHSUREOHPDQGWKHGHJUHHRI
GDPDJH FDQ EH HVWLPDWHG WR DQ\ UHVHDUFK FRQFOXVLRQ WKDW FRXOG EH GRQH E\ WKH ILOH GUDZHU
SUREOHP  7KH IXQGDPHQWDO LGHD LQ FRSLQJ ZLWK WKH ILOH GUDZHU SUREOHP LV WR FDOFXODWH WKH

Ϯϵ$QGDOORIWKHPHWKRGVIRUFRUUHFWLQJWKHSXEOLFDWLRQELDVDUHEDVHGRQVRPHDVVXPSWLRQV
ϯϬ+RZHYHU HPSLULFDO HYLGHQFH DERXW WKH H[LVWHQFH RI HGLWRULDO ELDV LV QRW RYHUZKHOPLQJ DQG WKDW VXUYH\V RI
VWDWLVWLFDOSRZHULQYROYHDVVXPSWLRQVDERXWHIIHFWVL]HIRUH[DPSOHWKDWPD\QRWEHWHQDEOH
7ULP DQGILOOPHWKRGDQGVHQVLWLYLW\DQDO\VLV
&RUUHFWLQJWKH3XEOLFDWLRQ%LDV
6ROXWLRQWRWKHSUREOHP
Ϯϳ

QXPEHURI VWXGLHV DYHUDJLQJ QXOO UHVXOWV =  WKDWPXVW EH LQ WKH ILOH GUDZHUV EHIRUH WKH
RYHUDOO SUREDELOLW\ RI W\SH , HUURU FDQEH MXVW EURXJKW WR DQ\ GHVLUHG OHYHO RI VLJQLILFDQFH VD\
S  7KLV QXPEHU RI ILOOHG VWXGLHV RU WKH WROHUDQFH IRU IXWXUH QXOO UHVXOWV LV HYDOXDWHG IRU
ZKHWKHUVXFKD WROHUDQFH OHYHO LVVPDOOHQRXJKWRWKUHDWHQWKHRYHUDOOFRQFOXVLRQGUDZQE\WKH
UHYLHZHU 5RVHQWKDO ,I WKH RYHUDOO OHYHO RI VLJQLILFDQFH RI WKH UHVHDUFK UHYLHZ ZLOO EH
EURXJKWGRZQWRWKHOHYHORIMXVWVLJQLILFDQWE\DGGLWLRQRIIHZQHZPRUHQXOOUHVXOWVWKHILQGLQJLV
QRWUHVLVWDQWWRWKHILOHGUDZHUWKUHDW


$OOPHWKRGVIRUGHWHFWLRQRISXEOLFDWLRQELDVKDYHORZWHVWSRZHUVWDWLVWLFDOSRZHU(YHQ
ZKHQWKHLQWHUFHSWLQWKHPRGHOLVLQVLJQLILFDQWWKHH[LVWHQFHRISXEOLFDWLRQELDVLQWKHOLWHUDWXUH
LV VWLOOSUHVHQW7KLV LVZKDWPDNHVSRWHQWLDOO\QHJOLJLEOH UHVXOWV WRDSSHDUPRUH LPSRUWDQW7KH
XQUHOLDELOLW\ RI WHVWLQJ IRU SXEOLFDWLRQ ELDV PDNHV UHVHDUFKHU·V IRFXV XSRQ WKH TXHVWLRQV RI
ZKHWKHU WKHUH LVJHQXLQHHPSLULFDO HIIHFW LUUHVSHFWLYHRISXEOLFDWLRQVHOHFWLRQ6HFRQGO\ZKDW LV
WKH PDJQLWXGH RI WKLV HIIHFW DQG UHVHDUFKHUV· WDVN LV WR DGGUHVV DQG DQVZHU WKHVH TXHVWLRQV
7KHRUHWLFDOO\ DUH H[SODLQHG )$7 )XQQHO$V\PPHWU\ 7HVW DQG WKH WHVW IRU WKH JHQXLQH HIIHFW
EH\RQG WKH SXEOLFDWLRQ VHOHFWLRQ ZKLFK LV NQRZQ DV 3(7 3UHFLVLRQ (IIHFW 7HVW
3UHFLVLRQ HIIHFW VL]H WHVW·V KLJK SRZHU LV VXUSULVLQJ EHFDXVH WKHPHWDUHJUHVVLRQ RI WYDOXHV RQ
SUHFLVLRQ   LV NQRZQWRFRQWDLQ HUURUV LQYDULDEOHV (9·V $QG WKH UHDVRQEHKLQG WKLV
PRGHORISXEOLFDWLRQVHOHFWLRQEHJLQVZLWK WKH UHFRJQLWLRQ WKDW WKH UHVHDUFKHUVZLOO VHOHFW ODUJHU
HIIHFWZKHQWKHVWDQGDUGHUURULVODUJH5RVH6WDQOH\






0HWD UHJUHVVLRQ DQDO\VLV VWDUWV ZLWK DQ HPSKDVLV RI SXWWLQJ DOO DYDLODEOH HPSLULFDO VWXGLHV
6WDQOH\ RQ WKH WKUHHGDWDEDVHV(%6&2(&21/,7 DQG%ODFNZHOO 6\QHUJ\ %ODFNZHOO

ϯϭ7KHSHUFHSWLRQRIDQHGLWRULDOSROLF\WKDWXVHVVWDWLVWLFDOVLJQLILFDQFHDVFULWHULRQIRUSXEOLVKLQJPDQXVFULSWVPD\
KDYHQHDUO\WKHVDPHHIIHFWDVDQDFWXDOSROLF\WRWKDWHIIHFW
ϯϮ7KXVLWZRXOGEHXQZLVHWRXVHWKHDEVHQFHRIHYLGHQFHRISXEOLFDWLRQELDVDVDUHDVRQQRWWRDGMXVWRUWRWDNH
PHDVXUHVWRFRUUHFWLW
ϯϯ7KHZD\WKDWSXEOLFDWLRQVHOHFWLRQLVVWLPXODWHGKHUHE\VHOHFWLQJWYDOXHVWKDWDUHVWDWLVWLFDOO\VLJQLILFDQWUHJDUGOHVV
RIWKHVDPSOHVL]HLVPRUHFRQVLVWHQWZLWKWKH HTXDWLRQ
DQGWKHSUHFLVLRQHIIHFWVL]H

 &RQFOXVLRQ
&RGLQJ
3DSHUV6HOHFWLRQ&ULWHULD
Ϯϴ

6FLHQFH3DSHUVZHUHDOVRVHOHFWHGZLWKFULWHULDWREHSXEOLVKHGLQUHIHUHHGMRXUQDOVVWXGLHV
DQGWKUHHZRUNLQJSDSHUV


0RVWRIWKHVWXGLHVUHSRUWHGPRUHWKDQRQHHVWLPDWHRUPRUHWKDQRQHUHJUHVVLRQDQGDOOWKH
UHJUHVVLRQVZHUHFRGHGVHSDUDWHO\GHSHQGLQJRQ
)URPWKHVHWRIVWXGLHVREVHUYDWLRQVDUHREWDLQHGDQGJRLQJWREHHVWLPDWHGLQPRGHO
,Q WKHVH SDSHUV ZDV QRW UHSRUWHG WKH GLDJQRVWLFV LH WHVWLQJ IRU KHWHURVFHGDVWLFLW\ OLQHDU
IXQFWLRQDO IRUP DQG WHVW IRU QRUPDOLW\ RI WKH UHVLGXDOV ,Q VRPH SDSHUVZHUH UHSRUWHG UREXVW
VWDQGDUG HUURUV DQG ZDV FRQGXFWHG VRPH WHVW IRU HQGRJHQHLW\  $XWKRUV GR QRW VSHFLI\
SUHIHUUHG UHJUHVVLRQDQGDOORIWKHUHJUHVVLRQVDUH UHSRUWHG7KHSDSHUVFRQWDLQZLGHYDULHW\RI
HVWLPDWLRQ WHFKQLTXHV DSSOLHG RQ GDWD IURP VDPSOHV RI GHYHORSHG GHYHORSLQJ DQG WUDQVLWLRQDO
HFRQRPLHV IRU WLPHSHULRG IURP WR 'HJUHHVRI IUHHGRPZHUH UHSRUWHG IRU HDFK
UHJUHVVLRQHLWKHUDXWKRUVRIWKHSDSHUVUHSRUWWKHPHLWKHUWKHQXPEHURIWKHGHJUHHVRIIUHHGRP
ZDV FDOFXODWHG  :RROGULGJH  7KH DQDO\WLFDO PHWKRG GHSOR\HG IRU
WKHVHVWXGLHVLV0HWDUHJUHVVLRQDQDO\VLV1H[WIROORZVDFKDSWHUIRUWKHUHVXOWVRIWKHHPSLULFDO
PRGHO


ϯϰ$VFKDXHU  DQG$VFKDXHU  DUHZRUNLQJSDSHUVZHUH WDNHQ LQ WKH VDPSOHRISDSHUVEHFDXVH WKH\ DUH
UHIHUHHG LQ WKH UHVW RI WKHHPSLULFDO SDSHUV DQG DUH FRQVLGHUHG WREH LPSRUWDQWSDSHUV$QG'HQR(EHUWV 
ZRUNLQJSDSHUZDVWDNHQLQWKHVDPSOHRISDSHUVEHFDXVHRIWKHHVWLPDWLRQWHFKQLTXH6/6DSSOLHG
ϯϱ7KH\ DUH DOO UHSRUWHG LQ WDEOH VHH$SSHQGL[  DQG \HDURISXEOLFDWLRQ DQG QXPEHU RI UHJUHVVLRQV LV UHSRUWHG
WKHUHDQGWKHVLJQVRQWKHUHSRUWHGFRHIILFLHQWV
ϯϲ ,I LW ZDV WLPH VHULHVPRGHO LQ VRPH SDSHUV ZDV REWDLQHG*UDQJHU FDXVDOLW\ WHVW DQG LQ SDQHO PRGHO +DXVPDQ
H[RJHQHLW\WHVW
ϯϳ,QWKHFRGLQJSURFHVVHYHU\YDULDEOHWKDWZDVFRQVLGHUHGWREHVLJQLILFDQWZDVUHSRUWHG

ϯϴ7KHH[DPLQHGDUHWKHYDULRXVLQIOXHQFHVRIRXWSXWHODVWLFLWLHVIRXQGLQWKHFDVHVWXGLHV6WDQOH\-DUHOO
&RGLQJWKHVHOHFWHGSDSHUV
x 0XOWLSOH HVWLPDWHV IURP VDPH VWXG\ ZHUH   XVHG DV VHSDUDWH REVHUYDWLRQ LI WKH\
RFFXUUHG LQ GLVVLPLODU PRGHO LQ RQH PRGHO ZDV LQWURGXFHG QHZ YDULDEOH VR LW ZDV
FRQVLGHUHGWKHDXJPHQWHGDQGEDVLFPRGHOWREHGLIIHUHQW
x 2U DOWHUQDWLYHO\ PXOWLSOH HVWLPDWHV IURP VDPH VWXG\ ZHUH UHSRUWHG DV VHSDUDWH
REVHUYDWLRQ LI WKH\RFFXUUHG LQRQHPRGHO EXW HVWLPDWHGZLWKGLIIHUHQW WHFKQLTXHV HJ
FRPSDULVRQEHWZHHQ2/6DQG6/6RUVRPHRWKHUHVWLPDWLRQWHFKQLTXHV

Ϯϵ



5HVXOWV





&HQWUDO FRQVLGHUDWLRQ RIPHWDDQDO\VLV LV WR WHVW WKHQXOO K\SRWKHVLV WKDW WKH HIIHFW VL]HV DUH
GLVWULEXWHG VWDQGDUG QRUPDO 1a   XQGHU WKH QXOO K\SRWKHVLV RI QR HIIHFW 7KH QXOO
K\SRWKHVLVLVWKDWWKHPHDQHIIHFWLV]HUR7KHK\SRWKHVLVHGSXEOLFSULYDWHLQIUDVWUXFWXUHFDSLWDO
DQG JURZWK UHODWLRQVKLS ZLOO EH UHMHFWHG LI WKH DYHUDJH HIIHFW VL]H DYHUDJH WVWDWLVWLFV LV QRW
VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR  7KH GDWD VHW RI WKLV05$ FRQVLVWV RI  HVWLPDWHG RXWSXW
HODVWLFLVHV IURP WKH FROOHFWHG  HPSLULFDO VWXGLHV 7KHPHDQ YDOXH RI WKH WVWDWLVWLF RQ WKH
FRHIILFLHQWVRQWKHRXWSXWHODVWLFLW\LVZLWKVWDQGDUGGHYLDWLRQRI  :HUHMHFWWKHQXOO
K\SRWKHVLVLHWKHPHDQFRRHOLV]HURDWWKHRQHSHUFHQWOHYHORIVLJQLILFDQFHDWSUREDELOLW\RI
OHVVWKDQIRUW\SH,HUURUW$&22(/ 3URYLVLRQDOO\KHUHZHFRQFOXGHWKDWWKH
HPSLULFDOOLWHUDWXUHUHYLHZVXJJHVWVDSRVLWLYHUHODWLRQVKLSEHWZHHQJURZWKRI*'3LQORJWHUPV
FRHIILFLHQWRQWKHRXWSXWHODVWLFLW\DQGWKHFRHIILFLHQWRQWKHLQIUDVWUXFWXUHFDSLWDOSXEOLFDQG
SULYDWH LQIUDVWUXFWXUH 7KLV FRQFOXVLRQ LV FRQILUPHG E\ WKH VLPSOH YRWHFRXQWLQJ SURFHGXUH
ZKHUH UHJUHVVLRQV LQ  SDSHUV ILQG D SRVLWLYH UREXVW UHODWLRQVKLS EHWZHHQ LQIUDVWUXFWXUH
FDSLWDO*'3 DQG *'3 SHU FDSLWD DQG LQ  SDSHUV RXW RI WKH ZKROH VDPSOH ZHUH UHSRUWHG
SRVLWLYHDQGQHJDWLYHFRUUHODWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDOLQSHUFDSLWDWHUPVDQGJURZWK
RI*'3YDULDEOH

7KHQXOOK\SRWKHVLVWKDWWKHVWDQGDUGGHYLDWLRQRIWKHHIIHFWVL]HLVRQH  V LVDOVRWHVWHG
7KHYDULDQFHLVWHVWHGE\DSSO\LQJ&KLVTXDUHQSURFHGXUH+  V DQG+ !V ZLWKQ
DVJLYHQE\WKHQXPEHURIWKHHIIHFWVL]HV,IWKHQXOOLVQRWUHMHFWHGWKDQWKHGLIIHUHQFHVDPRQJ
WKH HIIHFW VL]H DURXQG WKHLU PHDQ PLJKW UHVXOW IURP D SXUHO\ UDQGRP VDPSOLQJ HUURU
&RQVHTXHQWO\WKHHPSLULFDOUHYLHZZLOOEHXQQHFHVVDU\.RWRUUL2QWKHRWKHUKDQGLIWKH

6HHWDEOHIRUWKHQXPEHURIHVWLPDWLRQRIWKHRXWSXWHODVWLFLW\HIIHFWVL]H
ϰϬ6HH$SSHQGL[0HWDDQDO\VLVRIWKHHIIHFWVL]H

ϰϭ$PRQJPHWDDQDO\VWYRWHFRXQWLQJLVFRQVLGHUHGWREHELDVHGDQGREVROHWH-DUUHO
ϰϮ6HH$SSHQGL[6WXG\FKDUDFWHULVWLFV
&KDSWHU
0HWD$QDO\VLVRQWKHRXWSXWHODVWLFLW\HIIHFWVL]H
ϯϬ

VWDQGDUGGHYLDWLRQRIWKHHIIHFWVL]HVH[FHHGVRQHVLJQLILFDQWO\LWVXJJHVWVWKDWYDULDWLRQVUHIOHFW
V\VWHPDWLFGLIIHUHQFHVDURXQGWKHLUPHDQ

,QWKLV05$VWXG\WKHYDULDWLRQRIREVHUYHGFRHIILFLHQWVRQWKHRXWSXWHODVWLFLVHVDURXQGWKHLU
PHDQVLVFRQVLGHUDEOHLWUDQJHVIURPWRZLWKVWDQGDUGGHYLDWLRQRI7KH
FRHIILFLHQWRQWKHWVWDWLVWLFVHIIHFWVL]HYDULHVIURPPLQLPXPYDOXHWRZLWKVWDQGDUG
GHYLDWLRQRI7KHQXOOK\SRWKHVLV  V  LVUHMHFWHGDWDSUREDELOLW\OHVVWKDQ͕RI
PDNLQJW\SH,HUURU 7KLVLVDQDUJXPHQWWRWKHH[SODQDWLRQWKDWWKHYDULDWLRQVRIWKHRXWSXW
HODVWLFLVHV DURXQG WKHLUPHDQ DUH D UHVXOW RI V\VWHPDWLF GLIIHUHQFHV LQPRGHO VSHFLILFDWLRQ7KH
SXUSRVH RI 0HWDUHJUHVVLRQ DQDO\VLV WHFKQLTXH LV WR H[SODLQ WKHVH V\VWHPDWLF VWXG\WRVWXG\
YDULDWLRQV (DUOLHU LQ FKDSWHU  ZHUH H[SODLQHG WKH YDULDEOHV LQ WKH DXJPHQWHG PRGHO RU WKH
YDULDEOHV WKDW WKH DXWKRU RI WKLV PHWDUHJUHVVLRQ EDVHG RQ KLV D SULRUL NQRZOHGJH DERXW WKH
JURZWKWKHRU\DQGXVXDOPRGHOVWKDWDUHGHVFULEHGLQHVWLPDWHGLQJURZWKHPSLULFDOSDSHUVKHUH
WKRVHYDULDEOHVZLOOEHSUHVHQWHGLQDWDEOHRIVXPPDU\VWDWLVWLFVVHH$SSHQGL[



)LUVWRIDOOWKHPDMRULW\RIWKHPRGHOVDUHFRQGXFWHGLQDFURVVVHFWLRQIUDPHZRUN)ROORZLQJ
WKH H[DPSOH RI %XWWRQ  PHWDUHJUHVVLRQ RQ LQIUDVWUXFWXUH LQYHVWPHQW DQG JURZWK RQH
YDULDEOHZDVFUHDWHGRXWRISRROHGWLPHVHULHVDQGFURVVVHFWLRQDOGDWDSRROBWVBFVZLWKSDQHO
YDULDEOH DV WKH EHQFKPDUN EHFDXVH RI SHUIHFW FROOLQHDULW\ EHWZHHQ WKH WZR 0DMRULW\ RI WKH
VWXGLHVDUHIRUGHYHORSHGDQGOHDVWGHYHORSHGFRXQWULHVGFBOGFPHDQ DQGDYDULDEOHIRU
86VWXGLHVXVLVQHHGHGDQGDOVRIRUWKHWUDQVLWLRQDOHFRQRPLHV+RZHYHUEHFDXVHRIWKHQHDU
SHUIHFW FROOLQHDULW\ EHWZHHQXV DQGGFBOGFYDULDEOHZHXVH WKH ODWWHU WR FDSWXUH WKH HIIHFW RQ
FRRHOWKHGHSHQGHQWYDULDEOH

,Q DGGLWLRQ IRU WKH H[SODQDWLRQ WKHVH DUH PRGHUDWRU LQGHSHQGHQW YDULDEOHV WKDW FDQ EH
FRQWLQXRXVRUELQDU\ZKLFKUHIOHFWWKHSUHVHQFHRUDEVHQFHRIRQHVWXG\FKDUDFWHULVWLF

7KH GHILQLWLRQ RI WKH LQGHSHQGHQW YDULDEOH RI WKH LQWHUHVW IROORZHG IURP WKH WKHRU\ 7KH
YDULDEOHSXEOLFLQIUDVWUXFWXUHFDSLWDOLQWKHSDSHUVSXEFJGSRUJRYSHUFDSLWDZDVFRPELQHG

ϰϯ7KHVHILJXUHVDUHSDUWRIDVXPPDU\VWDWLVWLFVLQ67$7$ODWHUZLOOEHUHSURGXFHGRQHWDEOHRIVXPPDU\VWDWLVWLFV
ϰϰ%\FRQYHQWLRQDOFULWHULDWKLVGLIIHUHQFHLVFRQVLGHUHGWREHH[WUHPHO\VWDWLVWLFDOO\VLJQLILFDQW
ϰϱ6HH$SSHQGL[0HWDDQDO\VLVRIWKHHIIHFWVL]H
'HVFULSWLYHVWDWLVWLFVRIWKHPRGHO
ϯϭ

ZLWK SULYDWH LQIUDVWUXFWXUH FDSLWDO LQ SHU FDSLWD WHUPV FUHDWLQJ RQH YDULDEOH SXEFBSULYBJGS
ZKLFK LV RXU PDLQ YDULDEOH RI LQWHUHVW 7KLV YDULDEOH ZLWK PHDQ   DQG WZR DGGLWLRQDO
YDULDEOHV ZKLFK SUR[\ LQIUDVWUXFWXUH FDSLWDO WHOHSKRQHV SHU PLOOLRQ LQKDELWDQWVWSPLQK DQG
SDYHG URDGV SHU PLOOLRQ NLORPHWUHV VTXDUHG SYGBUGVBSPNPVT DQG JRYHUQPHQW VL]H
LQYHVWPHQW DQGFXUUHQW VSHQGLQJ JVLFV UHSUHVHQW WKH LQIUDVWUXFWXUH LQYHVWPHQW LQSHU FDSLWD
WHUPV)ROORZLQJWKHWKHRU\WKDWWKHFRQFHSWRILQLWLDOFDSLWDOLQLWLDO*'3SHUFDSLWDLVLPSOLHG
LQWKHFRQFHSWRIDEVROXWH FRQYHUJHQFH  WZRYDULDEOHVZHUHFRPELQHG LQWRRQHYDULDEOH LPSO\LQJ
FRQYHUJHQFHDFURVVFRXQWULHVDQGUHJLRQVFRQBU7KHFRQBUYDULDEOHKDVPHDQYDOXHRI
PHDQLQJWKDWWKHYDULDEOHLVSUHVHQWLQRIWKHREVHUYDWLRQVUHSRUWHGIURPWKHVWXGLHV

2EVHUYDWLRQVIRUWKH\HDUVRIVFKRROLQJ\VVFKDQGKRXUVRIVFKRROLQJKUVFKDUHFRPELQHG
LQWRRQHVLQJOHYDULDEOHKXPDQZKLFKVHUYHVDVDSUR[\IRUKXPDQFDSLWDOLQWKHPRGHO7KLV
YDULDEOHKDV DPHDQ ,Q FRPELQLQJ WKH WZRYDULDEOHV LQWRD VLQJOHKXPDQFDSLWDO YDULDEOH
WKHRUHWLFDODSULRULNQRZOHGJHZDVWDNHQLQWRDFFRXQWDJDLQ

1H[WWKHYDULDEOHDDUGDHKVWFLKPPBJGSZKLFKGHQRWHVSXEOLFH[SHQGLWXUHVRULQYHVWPHQW
LQ GHIHQFH DJULFXOWXUH HGXFDWLRQ KHDOWK VRFLDO H[SHQGLWXUHV WUDQVSRUW DQG FRPPXQLFDWLRQ
KRXVLQJ DQGPLQLQJPDQXIDFWXULQJ DV SHUFHQWDJH WR*'3 7KLV YDULDEOH KDVPHDQ RI
7KLVYDULDEOHLVSUHVHQWLQRIWKHUHJUHVVLRQVUHSRUWHGLQWKH05$GDWDVHW1H[WWKHUHDO
H[FKDQJHUDWHYDULDEOHKDVPHDQRIDQGVWDQGDUGGHYLDWLRQRI
&RQWLQXRXVYDULDEOHVDUHLQFOXGHGIRUWHVWLQJWKHDXWKHQWLFHPSLULFDOHIIHFWLQWKH05$DQDO\VLV
IROORZLQJWKHUHFRPPHQGDWLRQVRI3XJKDQG&RULFDQG6WDQOH\WKHVTXDUHURRWRI
WKHGHJUHHVRIIUHHGRPVTUWGIPHDQ VG LQYHUVHRIVWDQGDUGHUURULQYBVHDEVW
DEVROXWH WVWDWLVWLF YDULDEOH DQG OGI RU ORJ RI GHJUHHV RI IUHHGRP IURP WKH VWXGLHV 6XPPDU\
VWDWLVWLFVIRUWKHYDULDEOHVDUHSUHVHQWHGLQDSSHQGL[WRJHWKHUZLWKWKHYDULDEOHVH[SODQDWLRQV

5HVXOWV
)XQFWLRQDO IRUPV UHJDUGLQJ WKH 6WDQOH\  UHFRPPHQGDWLRQV DERXW WKH LQYHUVH RI WKH
VWDQGDUG HUURU ZHUH SUHVHQWHG LQ &KDSWHU  +RZHYHU WKH VTXDUHG URRW RI WKH GHJUHHV RI
IUHHGRPKDVDOVREHHQXVHGIROORZLQJUHFRPPHQGDWLRQVRI3XJKDQG&RULFDQG6WDQOH\
WRDVVHVWKHDXWKHQWLFHPSLULFDOHIIHFW*LYHQWKHLPSRUWDQFHRIWKHIXQFWLRQDOIRUPZHUH
WULHGGLIIHUHQWVSHFLILFDWLRQVRIWKHJLYHQK\SRWKHVL]HGFRUUHODWLRQLQWKHOLWHUDWXUHIRUWKHPHWD

ϰϲ6HHH[SODQDWLRQDERXWWKHDEVROXWHDQGFRQGLWLRQDOFRQYHUJHQFHSS
ϰϳ6HHSS

ϯϮ

UHJUHVVLRQDQDO\VLV7RFKRRVHWKHEHVWPRGHOGLDJQRVWLFVWHVWLQJSURFHGXUHVZHUHFRQGXFWHG
0RVW LPSRUWDQFH ZDV JLYHQ WR WKH IXQFWLRQDO IRUP IROORZHG E\ KHWHURVFHGDVWLFLW\ DQG
FROOLQHDULW\ +HWHURVFHGDVWLFLW\ SUREOHP ZDV FRUUHFWHG ZLWK UREXVW VWDQGDUG HUURUV ZKLOH
FROOLQHDULW\ZDVFRUUHFWHGZLWKFRPELQLQJVRPHRIWKHYDULDEOHVRUE\H[FOXGLQJWKHPDVD ODVW
DFWLRQWKDW FDQEH WDNHQ HYHQ WKRXJKQRWSUHIHUDEOH0XOWLFROOLQHDULW\ LV DSUREOHP WKDWRFFXUV
ZKHQH[SODQDWRU\YDULDEOHVGLVSOD\OLWWOHYDULDWLRQDQGKLJKLQWHUFRUUHODWLRQV0DGGDOD

$VLWFDQEHVHHQIURPWKHWDEOHRIGLDJQRVWLFVRIWKHSDUVLPRQLRXVPRGHOPHDQ9,) IRU
WKH UREXVW VWDQGDUGHUURUV2/6PRGHO$QGIRU WKHFOXVWHU UREXVW VWDQGDUGHUURUVPRGHOPHDQ
9,)   0D[LPXP 9,) LQ WKH WZR PRGHOV LV  DQG  UHVSHFWLYHO\ 0HDQ YDULDQFH
LQIODWLRQ IDFWRU IRU WKH :HLJKWHG /HDVW 6TXDUHV PRGHO DQG &OXVWHUHG 5REXVW :HLJKWHG /HDVW
6TXDUHVPRGHOLVHVWLPDWHGWREHDQGUHVSHFWLYHO\IRUWKHWZRPRGHOV7KHVHLQGLFDWRUV
DUHQRWKLJKZH FRQFOXGH WKDW IROORZLQJ D UXOH RI WKXPEPD[LPXP LQGLYLGXDO9,) WREH OHVV
WKDQ  DQG WKH PHDQ9,) WR EH QRW FRQVLGHUDEO\ ODUJHU WKDQ  6WDWD FRUS 5HIHUHQFH4=
([SODQDWRU\SRZHURIWKHVHWZRPRGHOVLVVDWLVIDFWRU\55VTXDUHGRIWKHVHWZRPRGHOVUDQJHV
IURPWRIRUWKH2/6DQG&OXVWHU5REXVW2/6DQG:/6:HLJKWHG/HDVW6TXDUHVDQG
&OXVWHU5REXVW :HLJKWHG /HDVW 6TXDUHV )XQFWLRQDO IRUP RI WKHVH PRGHOV LV RI SDUWLFXODU
LPSRUWDQFH7KH5DPVH\UHVHW WHVWXVLQJSRZHUVRI WKH ILWWHGYDOXHVRI WKHGHSHQGHQWYDULDEOH
ZLWKQXOO K\SRWKHVLV+PRGHO KDV QRRPLWWHG YDULDEOHV VKRZHG WKDW LQ WKH2/6 DQG&OXVWHU
5REXVW2/6DQG:/6DQG&OXVWHU5REXVW:/6 WKHSUREDELOLW\RI W\SH, HUURU LVDQG
UHVSHFWLYHO\7KLVLVDQDUJXPHQWZKLFKFDQEHXVHGLQVXSSRUWRIWKHFODLPWKDWWKHPRGHOVDUH
ZHOO VSHFLILHG&DPHURQ	7ULYHGL·VGHFRPSRVLWLRQRI ,QIRUPDWLRQ0DWUL[ WHVW LV DYDLODEOHRQO\
IRU WKH UREXVW 2/6 1H[W LQ 7DEOH  DUH VXPPDUL]HG UHVXOWV IRU WKLV UHJUHVVLRQWVWDWLVWLFV LV
UHJUHVVHG RQ WKH LQYHUVH RI WKH VWDQGDUG HUURU VHH $SSHQGL[  7DEOH  FRQWLQXHG UHSRUWV
UHJUHVVLRQGLDJQRVWLFV









ϰϴ7KHVHK\SRWKHVL]HGUHODWLRQVKLSVDUHSUHVHQWHGLQWKHSSLQDWDEOH-DUUHO
ϯϯ





7DEOH0HWD²UHJUHVVLRQRIWKHLQIUDVWUXFWXUHFDSLWDOHIIHFWRQJURZWKRI*'3
ϯϰ








7DEOHFRQWLQXHGGLDJQRVWLFWHVWVIRUWKHWZRPRGHOV
ϯϱ

7KLVWHVW&DPHURQ	7ULYHGL·VGHFRPSRVLWLRQRI,QIRUPDWLRQ0DWUL[WHVWVKRZHGHYLGHQFH
RI KHWHURVFHGDVWLFLW\ 3UREDELOLW\ RI W\SH , HUURU ZKHQ UHMHFWLQJ WKH QXOO K\SRWKHVLV RI
KRPRVFHGDVWLFLW\ LV  DFFRUGLQJ WR WKH :KLWH·V 6WDQGDUG RULJLQDO WHVW 7KLV SUREOHP LV
FRUUHFWHGWDFNOHGE\UHSRUWLQJUREXVWVWDQGDUGHUURUV7KLVXVXDOO\FDQEHVROYHGE\DSSO\LQJDQ
DOWHUQDWLYHIXQFWLRQDOIRUPHJORJORJEXWKDYLQJLQPLQGWKDWRXUGHSHQGHQWYDULDEOHFRQWDLQV
QHJDWLYHYDOXHVODWHUVSHFLILFDWLRQLVLQDSSURSULDWHEHFDXVHLWZLOOFDXVHVDPSOLQJELDV:KLOHWKH
DOWHUQDWLYH OLQORJ IXQFWLRQDO IRUP LV DOVR D SRVVLELOLW\ DIWHU LWZDV WULHG WKH5DPVH\ UHVHW WHVW
VKRZHGWKDWWKHPRGHOLVQRWZHOOVSHFLILHGZLWKUHVSHFWWRWKDWVSHFLILFDWLRQ)WHVWVKRZHGMRLQW
VWDWLVWLFDO VLJQLILFDQFH RI WKH YDULDEOHV SUREDELOLW\ RI W\SH , HUURU ZKHQ UHMHFWLQJ WKH QXOO
K\SRWKHVLV RI LQVLJQLILFDQW YDULDEOHV LV  7KLV WHVW LV QRW DYDLODEOH LQ 67$7$ IRU 2/6
FOXVWHUHGUREXVWDQG:/6FOXVWHUHGUREXVWHUURUV)WHVW LQUREXVW:/6UHJUHVVLRQVKRZHGWKDW
SUREDELOLW\ RI UHMHFWLQJ WKH QXOO K\SRWKHVLV SUREDELOLW\ RI W\SH , HUURU RI WKH QXOO RI MRLQW
LQVLJQLILFDQFHRIWKHYDULDEOHVLVDOVR7KLVVWDQGVDVHYLGHQFHLQVXSSRUWRIDFFHSWLQJWKH
DOWHUQDWLYHK\SRWKHVLVRIMRLQWO\VLJQLILFDQWYDULDEOHV

2WKHU SRWHQWLDO SUREOHPVZLWK WKH2/6 VSHFLILFDWLRQZHUH DOVR FRQVLGHUHG )LUVW WKH VWXGLHV
LQFOXGHGLQWKLVVDPSOHUHSRUWGLIIHUHQWQXPEHURIUHVXOWV7KHPHDQQXPEHURIUHVXOWVSHU
VWXG\ LV  ZKLOH WKH UHSRUWHG UHJUHVVLRQV UDQJH IURP  WR :HLJKWLQJ VWXGLHV UHSRUWLQJ
ODUJH QXPEHU RI UHJUHVVLRQV PRUH KHDYLO\ WKDQ VWXGLHV UHSRUWLQJ IHZHU DQGPD\ GLVWRUW 05$
UHVXOWV-DUUHO6WDQOH\7RFRUUHFWIRUWKLVGLVSURSRUWLRQLQWKHUHVXOWVHDFKVWXG\LVHTXDOO\
ZHLJKWHGE\WKHLQYHUVHQXPEHURIWKHUHVXOWVUHSRUWHGE\WKDWVWXG\WRZHLJKWHDFKUHVXOWIURP
WKDW VWXG\ :/68SRQ ZHLJKWLQJ WKH VWXGLHV :/6 LV DSSOLHG WR WKH 05$PRGHO 6WDQOH\·V
VXJJHVWLRQ ZLOO EH FRQVLGHUHG RQ ZHLJKWLQJ VWXGLHV LQGLYLGXDOO\ DQG ZHLJKWLQJ WKH LQGLYLGXDO
UHVXOWVWRVHHLIWKHUHLVDQ\GLIIHUHQFH

7KHUHSRUWHGUHVXOWVLQWKHVWXG\DUHVDPSOHGLQGHSHQGHQWO\DQGQRWLQGLYLGXDOO\ZKLFKFDXVHV
WKHVHFRQGSUREOHP$GGLQJFOXVWHU UREXVWHVWLPDWHV WRERWK2/6DQG:/6HVWLPDWHV  UHOD[HV
WKH DVVXPSWLRQ RI LQGHSHQGHQFH EHWZHHQ REVHUYDWLRQV ZLWKLQ JURXS EXW UHTXLUHV WKDW
REVHUYDWLRQVEHLQGHSHQGHQWEHWZHHQJURXSV.RWRUUL  1H[WLQ7DEOHDUHSUHVHQWHG
UHVXOWV FRHIILFLHQWV DV ZHOO DV SYDOXHV WR GHQRWH OHYHO RI VLJQLILFDQFH ZKHQ YDULDEOH RXWSXW
HODVWLFLW\ LV UHJUHVVHGRQWKH LQYHUVHRI WKHVWDQGDUGHUURU VHH$SSHQGL[7DEOHFRQWLQXHG
FRQWDLQVGLDJQRVWLFWHVWIRUWKHUHJUHVVLRQ

ϰϵ7KLVPHWKRGSURGXFHV´FRUUHFWµVWDQGDUGHUURUV´HYHQLIWKHREVHUYDWLRQVDUHFRUUHODWHGµ6WDWD&RUSIRU:/6
DOORZVIRUVDPSOLQJRUSZHLJKWVSUREDELOLW\ZHLJKWV
ϯϲ

























6RXUFH6WDWD



7DEOHRXWSXWHODVWLFLW\UHJUHVVHGRQWKHLQYHUVHRIWKHVWDQGDUGHUURU
 :/6
'HSHQGHQWYDULDEOHRXWSXWHODVWLFLW\FRRHO &RHII 3!_W_
,QYHUVHRIWKHVWDQGDUGHUURU LQYBVH ( 
(QGRJHQHLW\ HQGRJHQHLW\  
3RROHGWLPHVHULHVFURVVVHFWLRQ
GDWD SRROBWVBFV  
)RUHLJQGLUHFWLQYHVWPHQW IGL  
86VWXGLHV XV  
5HJLRQDOVWXGLHV UHJBV  
7UDQVLWLRQDOHFRQRPLHV WUDQVBH  
3XEOLFDQGSULYDWHLQIUDVWUXFWXUH
FDSLWDOWR*'3 SXEFBSULYBJGS  
&RQYHUJHQFHUDWH FRQBU  
5HDOH[FKDQJHUDWH UHU  
*RYHUQPHQWVL]HLQYHVWPHQWDQG
FXUUHQWVSHQGLQJ JVLFV  
$YHUDJHDQQXDOUDWLRRIGHIHQFH
DJUHGXFKHDOWKH[SWR*'3 DDUGDHKVWFLKPPBJGS  
$YHUDJHUDWLRRIHOHFWULFLW\QHW
YDOXH DURHQY  
&DSDFLW\XWLOLVDWLRQ FBXWLO  
%XGJHWDU\GHILFLWDVSHUFHQWDJH
WR*'3 EGSBJGS  
'HEW GHEW  
(IILFLHQF\ HIILFLHQF\  
2SHQQHVV RSHQQHV  
3ROLWLFDODQGHFRQRPLFIUHHGRP SROBHIU  
3RSXODWLRQJURZWK SRSBJU  
%ODFNPDUNHWSUHPLXP EPS  
3DYHGURDGVSHUPLOOLRQ
NLORPHWUHVVTXDUHG SYGBUGVBSPaT  
,QWHUFHSW BFRQV  
5VTXDUHG 
+RPRGHOKDVQRRPLWWHGYDULDEOHVSURERIW\SH,HUURU
LVUHSRUWHG
) 
3URE!) 
0HDQ9,)9DULDQFH,QIODWLRQ)DFWRU 
)WHVW ) 
3URE!) 3URE!) 
ϯϳ



)URPWKHGLDJQRVWLFVLQ7DEOHFRQWLQXHGIRUWKH:/6UREXVWUHJUHVVLRQLWFDQEHVHHQWKDW
IXQFWLRQDO IRUPLV FRUUHFWO\ VSHFLILHG5DPVH\ UHVHW WHVW VKRZHG WKDWSUREDELOLW\RI W\SH,HUURU
ZKHQUHMHFWLQJWKHQXOOK\SRWKHVLVLVZKLFKVXJJHVWVSUREDELOLW\RIW\SH,HUURULIZH
UHMHFW WKH QXOO K\SRWKHVLV WKDW WKH PRGHO KDV QR RPLWWHG YDULDEOHV &DPHURQ 	 7ULYHGL·V
GHFRPSRVLWLRQRI,QIRUPDWLRQ0DWUL[WHVWZDVQRWDYDLODEOHIRUWKLVUREXVW:/6UHJUHVVLRQ7KH
H[SODQDWRU\SRZHURIWKHPRGHO LVQRWKLJK55VTXDUHGRIWKHPRGHO LV 7KH
PHDQ9,)RI WKLVPRGHO LV ZKLOH WKHPD[LPXP LQGLYLGXDO9,) LV ZKLFK LQGLFDWHV
SUHVHQFHRIFROOLQHDULW\WRVRPHH[WHQWLQWKHPRGHOHYHQWKRXJKPHDQ9,)LVORZHUEXWLI
ZHUHFDOOWRWKHUXOHRIWKXPELWVKRXOGEHORZHUWKDQ7KHUHDVRQWKDWLWZDVQ·WFRQWLQXHGZLWK
RPLWWLQJYDULDEOHVIURPWKHPRGHOWRORZHU9,)LVEHFDXVHWKDWDFWLRQZLOOFDXVHSUREOHPVZLWK
WKHIXQFWLRQDOIRUP7RWHVWIRU7\SH,SXEOLFDWLRQELDVDQGJHQXLQHHPSLULFDOHIIHFWLUUHVSHFWLYH
RISXEOLFDWLRQELDV LW LVHPEHGGHG´)XQQHO DV\PPHWU\SUHFLVLRQHIIHFWµWHVW 1H[W IROORZVD
7DEOHDQG7DEOH FRQWLQXHG VHHSSZKLFKFRQWDLQVXPPDUL]HGUHVXOWVRI WKH WVWDW
UHJUHVVHGRQWKHVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRPVTUWGIDQGWKHUHSRUWHGGLDJQRVWLFV
IRUWKHPRGHO

ϱϬ%RWKLQWDEOHDQWDEOHDUHLQFOXGHGLQYHUVHRIWKHVWDQGDUGHUURUDQGVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRP
ϱϭ7KHXVHRIWKHVTXDUHGURRWRIWKHVDPSOHVL]HPD\VXSSO\PRUHGHIHQVLEOHHVWLPDWHVRISXEOLFDWLRQELDV
7DEOHFRQWLQXHG'LDJQRVWLFWHVWV
7DEOHFRQWLQXHG  


:/65REXVW
VWDQGDUG
HUURUV
3!_W_
'HSHQGHQW9DULDEOHFRRHO
 FRHII 
0D[LPXP9,)9DULDQFH,QIODWLRQ)DFWRU
  
0HDQ9,)9DULDQFH,QIODWLRQ)DFWRU
  
5DPVH\ 5(6(7 WHVW XVLQJ SRZHUV RI WKH
ILWWHGYDOXHVRIWVWDW
+R  PRGHO KDV QR
RPLWWHGYDULDEOHV
) 
 
&DPHURQ	7ULYHGL¶VGHFRPSRVLWLRQ
RI,QIRUPDWLRQ0DWUL[WHVW +RKRPRVNHGDVWLFLW\ QD QD
&DPHURQ	7ULYHGL¶VGHFRPSRVLWLRQ
RI,QIRUPDWLRQ0DWUL[WHVW
+RQRQRQQRUPDO
VNHZQHVV QD QD
&DPHURQ	7ULYHGL¶VGHFRPSRVLWLRQ
RI,QIRUPDWLRQ0DWUL[WHVW
+RQRQRQQRUPDO
NXUWRVLV QD QD
ϯϴ















6RXUFH6WDWD
dĂďůĞϰ͘0HWDUHJUHVVLRQDQDO\VLVWVWDWUHJUHVVHGRQVTXDUHGURRWRIWKHGHJUHHVRI
IUHHGRP
ϯϵ



)XQFWLRQDOIRUPIRUWKHPRGHOVRXWOLQHGLQWKHDERYHWDEOHVLVFRUUHFWO\VSHFLILHG3UREDELOLW\RI
7\SH  HUURU ZKHQ UHMHFWLQJ WKH QXOO K\SRWKHVLV RI QR RPLWWHG YDULDEOHV LV  DQG 
UHVSHFWLYHO\&ROOLQHDULW\LVQRWDSUREOHPDPRQJWKHLQGHSHQGHQWYDULDEOHVWKHPHDQ9,)IRUWKH
2/6DQG&OXVWHU5REXVW2/6:/6DQG&OXVWHU5REXVW:/6LVDQGUHVSHFWLYHO\)²
WHVWVKRZVMRLQWVLJQLILFDQFHRIWKHLQGHSHQGHQWYDULDEOHVLQWKH2/6DQG:/6PRGHOSUREDELOLW\
RI W\SH  HUURU ZKHQ UHMHFWLQJ WKH QXOO RI LQVLJQLILFDQW YDULDEOHV LV  IRU WKH WZR
VSHFLILFDWLRQV55VTXDUHGJRHVIURP:/6DQG&OXVWHU5REXVW:/6WRZKLFKLV
JRRG H[SODQDWRU\SRZHU EXW LW·V RI VHFRQG LPSRUWDQFH ILUVW FRPHV WKH IXQFWLRQDO IRUP1H[W
IROORZVLQWHUSUHWDWLRQRIWKHPRGHOV


ϱϮ6HH7DEOHSSRUVHH$SSHQGL[WVWDWUHJUHVVHGRQWKHVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRPSULQWRXWIRU
WKHUHJUHVVLRQVIURP67$7$
7DEOH&RQWLQXHG'LDJQRVWLFWHVW
ϰϬ

5HJUHVVLRQ FRHIILFLHQWV UHIOHFW WKH SDUWLDO HIIHFW RI D SDUWLFXODU LQGHSHQGHQW YDULDEOH RQ WKH
GHSHQGHQWYDULDEOHKROGLQJHYHU\WKLQJHOVHFRQVWDQW
&RHIILFLHQW RQ PRGHUDWRU YDULDEOH FRQWUROOLQJ IRU HQGRJHQHLW\ LV QHJDWLYH DQG VWDWLVWLFDOO\
VLJQLILFDQWDWOHYHORIVLJQLILFDQFHLQWKH2/6UHJUHVVLRQ7DEOHDQG$SSHQGL[DQGWKLV
FRHIILFLHQWLVQHJDWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWLQPRGHOSUHVHQWHGLQ7DEOH7KHVLJQLILFDQW
QHJDWLYHFRHIILFLHQWPHDQVWKDWUHJUHVVLRQVFRQWUROOLQJIRUHQGRJHQHLW\DUHOHVV OLNHO\WRUHSRUWD
SRVLWLYHHIIHFWRILQIUDVWUXFWXUHRQJURZWK7\SLFDOO\UHJUHVVLRQVFRQWUROOLQJIRUHQGRJHQHLW\ZLOO
UHSRUWWVWDWLVWLFVORZHUE\RU
7KHPRGHUDWRUYDULDEOHIRUVWXGLHVXVLQJSRROHGWLPHVHULHVFURVVVHFWLRQGDWDSRROBWVBFVLV
SRVLWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWLQ2/6PRGHOVWVWDWRQLQYBVHDQGWVWDWRQVTUWGI7KLV
PHDQV WKDW RQ DYHUDJH VWXGLHV XVLQJ VXFK GDWD ILQG PRUH SRVLWLYH LQIUDVWUXFWXUH FDSLWDO DQG
JURZWK RI *'3 UHODWLRQVKLS FRPSDUHG WR VWXGLHV XVLQJ SDQHO GDWD 7\SLFDOO\ UHJUHVVLRQV
FRQWUROOLQJIRUSRROHGWLPHVHULHVFURVVVHFWLRQGDWDZLOOUHSRUWWVWDWLVWLFVORZHUE\RU
7KHPRGHUDWRU YDULDEOH IRU VWXGLHV XVLQJ)RUHLJQ'LUHFW ,QYHVWPHQW IGL LQ WKHPRGHOV LV
QHJDWLYH VWDWLVWLFDOO\ VLJQLILFDQW LQ :/6 VSHFLILFDWLRQ 7KLV PHDQV WKDW RQ DYHUDJH VWXGLHV
FRQWUROOLQJ IRU WKLV YDULDEOH ILQG OHVV SRVLWLYH DVVRFLDWLRQ EHWZHHQ LQIUDVWUXFWXUH FDSLWDO DQG
JURZWKRI*'37\SLFDOO\UHJUHVVLRQVFRQWUROOLQJIRUIGLZLOOUHSRUWWVWDWLVWLFORZHUE\
7KHPRGHUDWRUYDULDEOHVIRU86VWXGLHV XV LVSRVLWLYHDQGVWDWLVWLFDOO\ VLJQLILFDQW LQDOO WKH
RXWOLQHGPRGHOVH[FHSWLQFOXVWHUHGUREXVW:/6PRGHORXWOLQHGLQ7DEOHZKHUHLVSRVLWLYHDQG
LQVLJQLILFDQW7KLVPHDQVWKDWRQDYHUDJHVWXGLHVXVLQJVXFKGDWDILQGPRUHSRVLWLYHLQIUDVWUXFWXUH
FDSLWDO DQG JURZWK RI *'3 UHODWLRQVKLS FRPSDUHG WR VWXGLHV XVLQJ GHYHORSHG DQG OHDVW
GHYHORSHGFRXQWULHVLQWKHVDPSOHGFBOGF
7KHPRGHUDWRUYDULDEOHIRUUHJLRQDOVWXGLHVUHJBVLVQHJDWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWLQDOO
WKH PRGHOV H[FHSW LQ WKH 2/6 VSHFLILFDWLRQ LQ7DEOH  2Q DYHUDJH WKLV PHDQV WKDW VWXGLHV
FRQWUROOLQJ IRU WKLV YDULDEOH ILQG OHVV SRVLWLYH DVVRFLDWLRQ EHWZHHQ LQIUDVWUXFWXUH FDSLWDO DQG
JURZWKRI*'3
7KH PRGHUDWRU YDULDEOH IRU WUDQVLWLRQDO HFRQRPLHV WUDQVBH LV QHJDWLYH DQG VWDWLVWLFDOO\
VLJQLILFDQW H[FHSW LQ PRGHO SUHVHQWHG LQ7DEOH  ZKHUH LW LV SRVLWLYH DQG LQVLJQLILFDQW 7KLV
PHDQV WKDW RQ DYHUDJH VWXGLHV WKDW GR FRQWURO IRU WKLV YDULDEOH ILQG OHVV SRVLWLYH DVVRFLDWLRQ
EHWZHHQLQIUDVWUXFWXUHFDSLWDODQGJURZWKRI*'3
7KH0RGHUDWRUYDULDEOHIRUWKHLQGHSHQGHQWYDULDEOHRILQWHUHVWSXEFBSULYBJGSLVSRVLWLYH
DQGVWDWLVWLFDOO\VLJQLILFDQWVHH7DEOH:KLFKLVLQOLQHZLWKFRQFOXVLRQWKDWHPSLULFDOOLWHUDWXUH

ϱϯ:KHQWVWDWUHJUHVVHGRQVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRP
ϱϰ6HH$SSHQGL[
ϰϭ

UHYLHZ VXJJHVWV D SRVLWLYH UHODWLRQVKLS EHWZHHQ JURZWK RI*'3 DQG WKH LQIUDVWUXFWXUH FDSLWDO
SXEOLFDQGSULYDWHLQIUDVWUXFWXUH
7KHPRGHUDWRUYDULDEOHIRUFRQYHUJHQFHFRQBULVQHJDWLYHDQGVLJQLILFDQWLQPRGHORXWOLQHGLQ
7DEOHZKLOHLQRWKHUVSHFLILFDWLRQVLVQHJDWLYHDQGLQVLJQLILFDQW7KLVPHDQVWKDWVWXGLHVWKDWGR
FRQWUROIRUFRQYHUJHQFHRQDYHUDJHILQGDOHVVSRVLWLYHDVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDO
DQGJURZWKRI*'3
7KH PRGHUDWRU YDULDEOH IRU WHOHSKRQHV SHU PLOOLRQ LQKDELWDQWV WSPLQK LV SRVLWLYH DQG
VWDWLVWLFDOO\VLJQLILFDQWH[FHSWLQPRGHORXWOLQHGLQ7DEOHZKHUHLWLVGURSSHG7KLVPHDQVWKDW
RQ DYHUDJH VWXGLHV WKDW FRQWURO IRU WKLV YDULDEOH ILQG D PRUH SRVLWLYH DVVRFLDWLRQ EHWZHHQ
LQIUDVWUXFWXUHFDSLWDODQGJURZWKRI*'3

7KH PRGHUDWRU YDULDEOH IRU UHDO H[FKDQJH UDWH UHU LV QHJDWLYH DQG VWDWLVWLFDOO\ VLJQLILFDQW
H[FHSWLQWKHPRGHOLQ7DEOHZKHUHLVQHJDWLYHDQGLQVLJQLILFDQW7KLVPHDQVWKDWRQDYHUDJH
VWXGLHVWKDWFRQWUROIRUWKLVYDULDEOHILQGOHVVSRVLWLYHDVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDO
DQGJURZWKRI*'3

7KHFRHIILFLHQWRQWKHPRGHUDWRUYDULDEOHIRUJRYHUQPHQWVL]HLQYHVWPHQWDQGFXUUHQWVSHQGLQJ
JVLFV LV QHJDWLYH DQGPXFK VWDWLVWLFDOO\ VLJQLILFDQW W! LQ DOO RI WKHPRGHOV RXWOLQHG DERYH
7KLVPHDQV WKDW VWXGLHV WKDW FRQWURO IRU WKLV YDULDEOH RQ DYHUDJH ILQG OHVV SRVLWLYH DVVRFLDWLRQ
EHWZHHQ LQIUDVWUXFWXUH FDSLWDO DQG JURZWK RI*'3 7\SLFDOO\ UHJUHVVLRQV WKDW FRQWURO IRU WKLV
YDULDEOHUHSRUWKLJKHUWVWDWLVWLFV

7KHPRGHUDWRUYDULDEOHIRUGHIHQFHHGXFDWLRQKHDOWKVRFLDODQGRWKHUW\SHVRIH[SHQGLWXUHVDV
DSHUFHQWDJHWR*'3DDUGDHKVWFLKPPBJGSLVQHJDWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWLQDOORIWKH
RXWOLQHGVSHFLILFDWLRQV7KLVPHDQVWKDWVWXGLHVWKDWGRFRQWUROIRUWKLVYDULDEOHRQDYHUDJHILQG
OHVVSRVLWLYHDVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDODQGJURZWKRI*'3
7KH PRGHUDWRU YDULDEOH IRU DYHUDJH UDWLR RI HOHFWULFLW\ QHW YDOXH DURHQY LV QHJDWLYH DQG
VLJQLILFDQW H[FHSW LQPRGHO RXWOLQHG LQ7DEOH  ZKHUH LV SRVLWLYH DQG VLJQLILFDQW2Q DYHUDJH
VWXGLHV WKDW GR FRQWURO IRU WKLV YDULDEOH ILQG OHVV SRVLWLYH DVVRFLDWLRQ EHWZHHQ LQIUDVWUXFWXUH
FDSLWDODQGJURZWKRI*'3
7KHPRGHUDWRUYDULDEOH WKDWFRQWUROIRUFDSDFLW\XWLOL]DWLRQFBXWLO LVSRVLWLYHDQGVWDWLVWLFDOO\
VLJQLILFDQW7KLVPHDQVWKDWVWXGLHVWKDWGRFRQWUROIRUWKLVYDULDEOHRQDYHUDJHILQGPRUHSRVLWLYH
DVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDODQGJURZWKRI*'3

ϱϱ6HH$SSHQGL[
ϰϮ

7KH PRGHUDWRU YDULDEOH IRU KXPDQ FDSLWDO KXPDQ LV QHJDWLYH DQG VLJQLILFDQW LQ WKH 2/6
VSHFLILFDWLRQLQ7DEOHDQGQHJDWLYHDOVRVLJQLILFDQWLQWKH:/6VSHFLILFDWLRQLQ7DEOHZKLOH
LQ RWKHU VSHFLILFDWLRQV LV QHJDWLYH DQG LQVLJQLILFDQW 7KLV PHDQV WKDW RQ DYHUDJH VWXGLHV WKDW
FRQWUROIRUWKLVYDULDEOHILQGDOHVVSRVLWLYHDVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDODQGJURZWK
RI*'3
7KHPRGHUDWRUYDULDEOHIRUEXGJHWDU\GHILFLWDVSURSRUWLRQWR*'3EGSBJGSLVQHJDWLYHDQG
VLJQLILFDQWLQPRGHORXWOLQHGLQ7DEOHZKLOH LQRWKHUPRGHOVWKLVYDULDEOHLV LQVLJQLILFDQW2Q
DYHUDJH VWXGLHV WKDW FRQWURO IRU WKLV YDULDEOH SUHVHQW D OHVV SRVLWLYH DVVRFLDWLRQ EHWZHHQ
LQIUDVWUXFWXUHFDSLWDODQGJURZWKRI*'3
7KH PRGHUDWRU YDULDEOH IRU SROLWLFDO DQG HFRQRPLF IUHHGRP SROBHIU LV QHJDWLYH EXW
LQVLJQLILFDQWLQWKHRXWOLQHGPRGHOVDWWKHFRQYHQWLRQDOOHYHOVRIDFFHSWDQFH2QDYHUDJHVWXGLHV
WKDW FRQWURO IRU WKLV YDULDEOH ILQG OHVV SRVLWLYH DVVRFLDWLRQ EHWZHHQ LQIUDVWUXFWXUH FDSLWDO DQG
JURZWKRI*'3
7KHPRGHUDWRUYDULDEOHIRURSHQQHVVRSHQQHVVLVSRVLWLYHDQGVLJQLILFDQWLQPRGHORXWOLQHG
LQ7DEOHDQG2/6VSHFLILFDWLRQLQ7DEOHRWKHUZLVHLVLQVLJQLILFDQW2QDYHUDJHVWXGLHVWKDW
FRQWUROIRUWKLVYDULDEOHILQGPRUHSRVLWLYHDVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDODQGJURZWK
RI*'3
3UHYLRXV SUDFWLFH IRU UREXVWQHVV FKHFN KDV EHHQ MXVW WR RPLW KLJK OHYHUDJH REVHUYDWLRQV
3XJK&RULF+HUH5REXVWQHVVZDVFKHFNHGE\VLPSOHFRPSDULVRQZLWKUREXVWUHJUHVVLRQ
DYDLODEOHLQ6WDWD
7KLV UREXVW UHJUHVVLRQ VHUYHV RQO\ IRU D FRPSDULVRQ WR WKH SUHYLRXVO\ RXWOLQHG %\
FRPSDULVRQFDQEHFRQILUPHG WKDW WKHFRHIILFLHQWV LQ WKH WZRUHJUHVVLRQVKDYH WKHVDPHVLJQV
EXWWKH\GLIIHULQVL]HDOWKRXJKQRWVXEVWDQWLDOO\5REXVWUHJUHVVLRQVDUHJLYHQQH[WRQSS
,QYHUVHRIWKHVWDQGDUGHUURULVSRVLWLYHO\DQGVLJQLILFDQWO\FRUUHODWHGZLWKWKHWVWDWLVWLFVSYDOXH
  7KLV LV WDNHQ DV HYLGHQFH RI DXWKHQWLF HPSLULFDO HIIHFW LQ WKLV OLWHUDWXUH VHH 7DEOH 
SS 3RVLWLYHDQGVWDWLVWLFDOO\ VLJQLILFDQWLQWHUFHSW LV WDNHQDVHYLGHQFHRI W\SH,SXEOLFDWLRQ
ELDVPRGHUDWRUYDULDEOHVVXJJHVWPDQ\VRXUFHVRIKHWHURJHQHLW\LQYHUVHRIWKHVWDQGDUGHUURULV
DPHDVXUHRI DXWKHQWLF HPSLULFDO HIIHFW FRQGLWLRQDO XSRQERWK SXEOLFDWLRQ ELDV DQG VRXUFHVRI
KHWHURJHQHLW\ 7KH HYLGHQFH RI SXEOLFDWLRQ ELDV LV VWURQJHU WKDQ WKH HYLGHQFH RI DXWKHQWLF
HPSLULFDOHIIHFWLQWKLVOLWHUDWXUH3UREDELOLW\RIW\SH,HUURUZKHQUHMHFWLQJWKHQXOORILQVLJQLILFDQW
YDULDEOHVLVLQWKHWZRUREXVWUHJUHVVLRQV


ϱϲ6HH$SSHQGL[5REXVWUHJUHVVLRQV
ϱϳ2Q WKH RWKHU KDQG FRHIILFLHQW RQ WKH VTXDUHG URRW RI WKH GHJUHHV RI IUHHGRP LV QHJDWLYH DQG LQVLJQLILFDQW LH
DXWKHQWLFLW\RIWKHHPSLULFDOHIIHFWLQTXHVWLRQLVQRWFRQILUPHG
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
'HSHQGHQWYDULDEOHWVWDWLVWLFV
 WVWDW FRHII 3!_W_
LQYHUVHRIWKH
VWDQGDUGHUURU LQYBVH  
HQGRJHQHLW\ HQGRJHQHLW\  
SRROHGWLPHVVHULHV
FURVVVHFWLRQGDWD SRROBWVBFV  
IRUHLJQGLUHFW
LQYHVWPHQW IGL  
XVVWXGLHV XV  
UHJLRQDOVWXGLHV UHJBV  
WUDQVLWLRQDO
HFRQRPLHV WUDQVBH  
3XEOLFDQGSULYDWH
LQIUDVWUXFWXUHFDSLWDO
WR*'3
SXEFBSULYBJGS  
FRQYHUJHQFHUDWH FRQBU  
WHOHSKRQHVSHU
PLOOLRQLQKDELWDQWV WSPLQK  
UHDOH[FKDQJHUDWH UHU  
JRYHUQPHQWVL]H
LQYHVWPHQWDQG
FXUUHQWVSHQGLQJ
JVLFV  
DYHUDJHDQQXDOUDWLR
RIGHIHQFH
DJUVRFKHDOWKPLQLQJ
H[SHQGLWXUHWR*'3
DDUGDHKVWFLKPPBJGS  
DYHUDJHUDWLRRI
HOHFWULFLW\QHWYDOXH DURHQY  
FDSDFLW\XWLOL]DWLRQ FBXWLO  
7HUPVRIWUDGH WRW  
KXPDQFDSLWDO KXPDQ  
EXGJHWDU\GHILFLWDV
SHUFHQWDJHWR*'3 EGSBJGS  
GHEW GHEW  
SROLWLFDODQG
HFRQRPLFIUHHGRP SROBHIU  
RSHQQHVV RSHQQHV  
LQWHUFHSW FRQVWDQW  
)WHVW ) 
3URE!) 3URE!) 
7DEOH5REXVWUHJUHVVLRQWVWDWUHJUHVVHGRQLQYHUVHRIWKHVWDQGDUGHUURU
6RXUFH  67$7$ 
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
 WVWDW FRHII 3!_W_
VTXDUHGURRWRIWKH
GHJUHHVRIIUHHGRP VTUWGI  
HQGRJHQHLW\ HQGRJHQHLW\  
SRROHGWLPHVVHULHV
FURVVVHFWLRQGDWD SRROBWVBFV  
IRUHLJQGLUHFW
LQYHVWPHQW IGL  
XVVWXGLHV XV  
UHJLRQDOVWXGLHV UHJBV  
WUDQVLWLRQDO
HFRQRPLHV WUDQVBH  
SXEOLFDQGSULYDWH
LQIUDVWUXFWXUHFDSLWDO
WR*'3
SXEFBSULYBJGS  
FRQYHUJHQFHUDWH FRQBU  
WHOHSKRQHVSHU
PLOOLRQLQKDELWDQWV WSPLQK  
UHDOH[FKDQJHUDWH UHU  
JRYHUQPHQWVL]H
LQYHVWPHQWDQG
FXUUHQWVSHQGLQJ
JVLFV  
DYHUDJHDQQXDOUDWLR
RIGHIHQFH
DJUVRFKHDOWKPLQLQJ
H[SHQGLWXUHWR*'3
DDUGDHKVWFLKPPBJGS  
DYHUDJHUDWLRRI
HOHFWULFLW\QHWYDOXH DURHQY  
FDSDFLW\XWLOL]DWLRQ FBXWLO  
KXPDQFDSLWDO KXPDQ  
EXGJHWDU\GHILFLWDV
SHUFHQWDJHWR*'3 EGSBJGS  
SROLWLFDODQG
HFRQRPLFIUHHGRP SROBHIU  
RSHQQHVV RSHQQHV  
LQWHUFHSW FRQVWDQW  
)WHVW ) 
3URE!) 3URE!) 
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







7DEOH5REXVWUHJUHVVLRQWVWDWLVWLFVUHJUHVVHGRQVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRP
6RXUFH67$7$
ϰϱ

1H[W IROORZV LVVXH RI SUHVHQFH RI SXEOLFDWLRQ ELDV LQ WKLV OLWHUDWXUH $V ZH VDLG HDUOLHU WKH
VLPSOHVWDQGPRVWFRPPRQO\XVHGPHWKRGWRGHWHFWSXEOLFDWLRQELDVLVDQLQIRUPDOH[DPLQDWLRQ
RIDIXQQHOSORW3UHFLVLRQFDQEHPHDVXUHGLQYDULHW\RIZD\VWKHPRVWFRPPRQDQGSUHFLVHRI
ZKLFKLVWKHLQYHUVHRIWKHVWDQGDUGHUURU 6H)LJXUH7KHVDPSOHVL]HRULWVVTXDUHURRW
DOVRVHUYHVDVDPHDVXUHRISUHFLVLRQ)LJXUH6WDQOH\









 
)LJXUH)XQQHO3ORWWVWDWRQVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRP
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WVWDW

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
VT
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     
WVWDW
)LJXUH)XQQHO3ORWWVWDWRQLQYHUVHRIVWDQGDUGHUURUV
ϰϲ

,Q WKH DEVHQFH RI SXEOLFDWLRQ VHOHFWLRQ DQG UHJDUGOHVV RI WKH PDJQLWXGH RI WKH WUXH HIIHFW
HVWLPDWHVZLOO EH V\PPHWULFDOO\ DURXQG WKH WUXH HIIHFW%HFDXVH VPDOO VDPSOH VWXGLHVZLWK ODUJH
VWDQGDUGHUURUVDQG OHVVSUHFLVLRQDUHDW WKHERWWRPRIWKHJUDSK  WKHSORWZLOOEHPRUHVSUHDG
RXWDWWKHERWWRPWKDQLWLVDWWKHWRS6WDQOH\

+RZHYHULWLVWKHJUDSKV\PPHWU\RUDV\PPHWU\WKDWLVFUXFLDOWRDVVHVVLQJSXEOLFDWLRQELDV,I
WKH SORW LV RYHUZHLJKHG RQ RQH RU DQRWKHU VLGH LW LV WDNHQ DV HYLGHQFH RI SXEOLFDWLRQ ELDV
(TXDWLQJSXEOLFDWLRQELDVZLWKDV\PPHWU\RIDIXQQHOJUDSKDVVXPHVWKDWSXEOLFDWLRQVHOHFWLRQD
SULRUL IDYRXUV D SDUWLFXODU GLUHFWLRQ 7\SH , VHOHFWLRQ ,I DOWHUQDWLYHO\ SXEOLFDWLRQ VHOHFWLRQ
IDYRXUVVWDWLVWLFDOVLJQLILFDQFHUHJDUGOHVVRIWKHGLUHFWLRQLH7\SH,,VHOHFWLRQWKHQWKHIXQQHO
ZRXOGWHQGWREHKROORZDQGH[FHVVLYHO\ZLGH:DWFKLQJFORVHO\)XQQHOSORWVLQ)LJXUHVDQG
WKHUHLVHYLGHQFHRIDV\PPHWU\(VSHFLDOO\ LQ)LJXUHZKHUHWKHJUDSKLVRYHUZHLJKWHGRQWKH
SRVLWLYHVLGHRIWKH[D[LVODEHOOHGWVWDW,Q)LJXUHDVZHOOLQVRPHSDUWVRIWKHJUDSKWKHUHLV
HYLGHQFH RI DV\PPHWU\ DQG WKH JUDSK LV RYHUZHLJKWHG RQ SRVLWLYH VLGH 7KLV FDQ EH WDNHQ DV
HYLGHQFHWKDWSXEOLFDWLRQVHOHFWLRQIDYRXUVDSRVLWLYHGLUHFWLRQ 1H[WIROORZVWZRZD\JUDSK
RIHVWLPDWHGRXWSXWHODVWLFLWLHVRQWKHLQYHUVHRIWKHVWDQGDUGHUURU
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
)LJXUH)XQQHOJUDSKRIRXWSXWHODVWLFLWLHV


ϱϴ*HQHUDOO\WKHRU\SUHGLFWVSRVLWLYHDVVRFLDWLRQEHWZHHQLQIUDVWUXFWXUHFDSLWDODQGJURZWKRI*'3
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    
HVWLPDWHGRXWSXWHODVWLFLWLHV
ϰϳ


2QO\IHZVWXGLHVUHSRUWQHJDWLYHRXWSXWHODVWLFLVHV)LJXUH6RIDUZHKDYHVHHQDQHPSLULFDO
OLWHUDWXUH WKDW DSSHDUV ELDVHG DQG KLJKO\ VNHZHG +RZHYHU DQ\ YLVXDO LQVSHFWLRQ LV VXEMHFW WR
VXEMHFWLYH LQWHUSUHWDWLRQ 7KH VHFRQGPDMRU OLPLWDWLRQ RI IXQQHO JUDSKV LV WKH DVVXPSWLRQ WKDW
WKHUHLVVLQJOHXQGHUO\LQJ´WUXHHIIHFWµFRPPRQWRDOOVWXGLHV6WDQOH\2ULQWKHDEVHQFHRI
DVLQJOHYDOXHIRUWUXHHIIHFWLWVYDULDWLRQVDUHDVVXPHGWREHUDQGRP$OVRKHWHURJHQHLW\DFURVV
VWXGLHV GLIIHUHQW FRXQWULHV DQG GLIIHUHQW WLPH SHULRGV DQG DQ\ DV\PPHWULF GLVWULEXWLRQ RI
FRXQWULHVRUWLPHSHULRGVVHOHFWHGPLJKWFDXVHWKHIXQQHO·VVNHZQHVV7KXVSXEOLFDWLRQVHOHFWLRQ
QHHGVQRWWREHRQO\VRXUFHRIDV\PPHWU\
,Q WKH SUHVHQFH RI HLWKHU WKH LQYHUVH 6(RU WKH VTXDUH URRW RI WKH GHJUHHV RI IUHHGRP WKH
LQWHUFHSW WHUP LQD05$ LVD WHVW IRUSXEOLFDWLRQELDV ,Q WKH DEVHQFHRIDQDXWKHQWLFHPSLULFDO
HIIHFWLH LIWKHFRHIILFLHQWRQWKHLQYHUVH6(RUWKHVTXDUHURRWRIWKHGHJUHHVRIIUHHGRPLI
WKDWLVLQFOXGHGLQVWHDGLVQRWVLJQLILFDQWO\GLIIHUHQWIURP]HURWKHQWKHLQWHUFHSWPHDVXUHVWKH
GHJUHH RI SXEOLFDWLRQ ELDV FRQWUROOLQJ IRU WKH VRXUFHV RI KHWHURJHQHLW\ UHSUHVHQWHG E\ WKH
PRGHUDWRUYDULDEOHV
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
)LJXUH*DOEUDLWKSORWRIRXWSXWHODVWLFLW\WVWDWLVWLFV

ϱϵ7KHUHPD\H[LVWGLIIHUHQWW\SHVRIPLVVSHFLILFDWLRQELDVHVRPLWWHGYDULDEOHVPRGHOVIXQFWLRQIRUPGLIIHUHQW
HVWLPDWLRQWHFKQLTXHVHWF7KDWPD\LQGXFHVNHZLQJYDULDWLRQVLQIXQQHOGLVWULEXWLRQ
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WVWDW
ϰϴ

1RWHWKHZLGHYDULDWLRQLQWKHUHSRUWHGWVWDWLVWLFRQ)LJXUH$VVXPLQJWKDWWKHUHZHUHQR
JHQXLQH LQIUDVWUXFWXUH FDSLWDOJURZWK HIIHFW RQO\  RI WKH VWXGLHV VKRXOG UHSRUW WVWDWLVWLF
H[FHHGLQJURXJKO\,QRXU05$RI UHJUHVVLRQVUHSRUWWVWDWLVWLFV!RU7KH
DYHUDJH QXPEHU RI UHJUHVVLRQV SHU VWXG\ LV  $SSUR[LPDWHO\  SDSHUV UHSRUW WVWDWLVWLFV
JUHDWHU LQPDJQLWXGH WKDQ DVVRFLDWHG FULWLFDO YDOXH RI  D  7KH FRQFOXVLRQ LV WKDW LQ WKLV
OLWHUDWXUHWKHUHLVH[FHVVYDULDWLRQUHIOHFWLQJVHOHFWLRQIRUVWDWLVWLFDOVLJQLILFDQFHRUWKHHIIHFWVRI
UDQGRPPLVVSHFLILFDWLRQELDVHV,QRXUPRGHOVFRHIILFLHQWRQWKHLQYHUVHRIWKHVWDQGDUGHUURULV
QHJDWLYHDQG VLJQLILFDQW DW OHYHORI VLJQLILFDQFH LQ&OXVWHU UREXVW2/6 VSHFLILFDWLRQRI WKH
ILUVWPRGHO<HWJLYHQWKDWWKHHVWLPDWHGDYHUDJHHIIHFWVL]HLVSRVLWLYHWKHFRQFOXVLRQLVWKDW
WKHUHLVQRJHQXLQHHPSLULFDOHIIHFWDQGVLQFHFRQVWDQWLVSRVLWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWZH
FDQQRWUHMHFW+  zE WKHUHIRUHWKLVLVWDNHQDVHYLGHQFHRISXEOLFDWLRQELDV
6TXDUHG URRW RI WKH GHJUHHV RI IUHHGRP ZDV LQFOXGHG LQ WKH 05$ WR WHVW IRU H[LVWHQFH RI
DXWKHQWLFHPSLULFDOHIIHFWLQWKHOLWHUDWXUH6WDQOH\&RHIILFLHQWRQWKHVTXDUHGURRWRIWKH
GHJUHHVRIIUHHGRPLVQHJDWLYHDQGLQVLJQLILFDQWLQ2/6DQG&OXVWHU2/6UHJUHVVLRQVVHH7DEOH
DQGSRVLWLYHDQGLQVLJQLILFDQWLQ:/6DQG&OXVWHUUREXVW:/6UHJUHVVLRQ7DEOH7KHUHLV
QRVWDWLVWLFDOO\VLJQLILFDQWUHODWLRQVKLSEHWZHHQWKHHIIHFWVL]HDQGVTXDUHGURRWRIWKHGHJUHHVRI
IUHHGRP VTUWGI DQG WKDW UHODWLRQVKLS GRHV QRW KDYH WKH VDPH VLJQ DV WKH HVWLPDWHG DYHUDJH
HIIHFWVL]H ,QRWKHUZRUGVWKHUH LVQRHYLGHQFHRIH[LVWHQFHRIDXWKHQWLFHPSLULFDOHIIHFW LQ WKH
OLWHUDWXUH $V QRWHG E\ &DUG .UXHJHU  VWDWLVWLFDO WKHRU\ SUHGLFWV UHODWLRQVKLS EHWZHHQ
DEVROXWHWVWDWLVWLFVDQGLQYHUVHRIVWDQGDUGHUURU

1H[WIROORZLQJUHFRPPHQGDWLRQVRI6WDQOH\DEVROXWHWVWDWLVWLFVLVUHJUHVVHGRQLQYHUVH
RI VWDQGDUG HUURU VHH $SSHQGL[  7KLV UHJUHVVLRQ LV VXPPDUL]HG LQ7DEOH  DQG7DEOH 
FRQWLQXHGGLDJQRVWLFV
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
ϲϬ6HH$SSHQGL[HVWLPDWHGDYHUDJHWVWDWLVWLFVLV
ϲϭ6HH7DEOHRQSSIRUIXUWKHUH[SODQDWLRQV
ϲϮ2ULWVLQVWUXPHQWVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRPVTUWGI
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$VFDQEHVHHQIURP7DEOHVDDQGEUHJDUGLQJWKHVLJQVDQGWKHOHYHORIVLJQLILFDQFHRI
WKHYDULDEOHVDUHGUDZQFRQFOXVLRQVZKLFKDUHVXPPDUL]HGLQ7DEOHFGDQGH3RVLWLYHDQG
VWDWLVWLFDOO\VLJQLILFDQWLQWHUFHSWLQ0RGHOWVWDWUHJUHVVHGRQWKHLQYHUVHRIVWDQGDUGHUURUDQG
0RGHOWVWDWUHJUHVVHGRQWKHVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRPDUHWDNHQDVHYLGHQFH
RI7\SH ,SXEOLFDWLRQELDV LQ WKLV OLWHUDWXUH7KLV LV WUXHZKHQ WKHVH WZRPRGHOV DUH HVWLPDWHG
XVLQJ DQ\ RI  HVWLPDWLRQ WHFKQLTXHV QDPHO\2/6&OXVWHU UREXVW2/6:/6&OXVWHU UREXVW
:/6DQGUREXVWUHJUHVVLRQ


:HKDYHFOHDUHYLGHQFHRI7\SH,SXEOLFDWLRQELDVLQWKLVOLWHUDWXUHVXJJHVWLQJWKDWWKHRUHWLFDO
H[SHFWDWLRQVDSSHDUWRELDVUHSRUWHGHPSLULFDOILQGLQJV7KHVHUHVXOWVRI05$HVWDEOLVKWKDWDW
OHDVW WR VRPH H[WHQW WKH UHVXOW RI VLPSOH YRWH FRXQWLQJ LQ WKLV OLWHUDWXUH PD\ EH PLVOHDGLQJ
1DPHO\ZLWKUHVSHFWWRWKHJURZWKHIIHFWVRILQIUDVWUXFWXUHLQYHVWPHQWWKHRU\SUHGLFWVSRVLWLYH
DVVRFLDWLRQSXEOLVKHGHPSLULFDOVWXGLHVFRGHGLQWKLV05$UHSRUWSRVLWLYHHIIHFWVZKLOHDUH
LQFRQFOXVLYH

1H[WRIUHJUHVVLRQVUHSRUWWVWDWLVWLFV!RU2IZKLFKUHJUHVVLRQVUHSRUWW
VWDWLVWLFV!DQGUHJUHVVLRQVUHSRUWWVWDWLVWLF7KLVVKRZVWKDWLQWKLVOLWHUDWXUH7\SH,,
SXEOLFDWLRQELDVLVOLNHO\WREHSUHVHQW7KHSRVLWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWLQWHUFHSWLQ0RGHO
 DEVROXWH WVWDWLVWLFV UHJUHVVHG RQ WKH LQYHUVH RI VWDQGDUG HUURU LV WDNHQ DV HYLGHQFH RI
H[LVWHQFHRI7\SH,,SXEOLFDWLRQELDV 6WDQOH\ ,Q7DEOHH WKHUH LVHYLGHQFHRI7\SH,,
SXEOLFDWLRQELDVDVZHOODVDXWKHQWLFHPSLULFDOHIIHFW

7KH OHDVW SUHFLVH HVWLPDWHG RXWSXW HODVWLFLWLHV WHQG WR EH SRVLWLYH ZKLOH WKH PRUH SUHFLVH
HVWLPDWHV FOXVWHU DURXQG ]HUR VHH )LJXUH 7KLV LV FRQVLVWHQW ZLWK ILQGLQJV RI 7\SH ,
SXEOLFDWLRQELDVLQWKLVOLWHUDWXUH
$OVR VWXGLHV WKDWGRKDYHSXEOLF DQGSULYDWH LQIUDVWUXFWXUH FDSLWDO DVYDULDEOHRI LQWHUHVWRQ
DYHUDJHWHQGWRILQGELJJHURXWSXWHODVWLFLW\VHHPRGHOUHSRUWHGLQ7DEOH
1H[W IROORZV RXU FRQFOXVLRQV DERXW WKH H[LVWHQFH QRQH[LVWHQFH RI DXWKHQWLF HPSLULFDO
HIIHFWLQWKLVOLWHUDWXUH


ϲϰ6HH$SSHQGL[
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
$SRVLWLYHDQGVWDWLVWLFDOO\ VLJQLILFDQWFRHIILFLHQWRQ WKH LQYHUVHRI WKHVWDQGDUGHUURU LQ WKH
UREXVW UHJUHVVLRQ RIPRGHO  LV WDNHQ DV HYLGHQFH RI DXWKHQWLF HPSLULFDO HIIHFW+RZHYHU WKH
RWKHU  HVWLPDWLRQ WHFKQLTXHV ZKHQ DSSOLHG WR PRGHO  UHSRUW QHJDWLYH DQG VWDWLVWLFDOO\
LQVLJQLILFDQW FRHIILFLHQWV RQ WKH LQYHUVH RI VWDQGDUG HUURU YDULDEOH 7KLVPHDQV DQ DEVHQFH RI
DXWKHQWLFHPSLULFDOHIIHFW6WDQOH\
7KHPHDQ HIIHFW VL]H LV   WKLV VXJJHVWV SRVLWLYH UHODWLRQVKLS EHWZHHQ LQIUDVWUXFWXUH
FDSLWDOSXEOLFDQGSULYDWHDQGJURZWKRI*'3SHUFDSLWDYDULDEOH

+RZHYHU WKLV SRVLWLYH UHODWLRQVKLS LV QRW UREXVW WKH DYHUDJH HIIHFW IDOOV VKRUW RI
FRQYHQWLRQDOO\DFFHSWHGOHYHOVRIVLJQLILFDQFH7KHVLJQVDQGWKHVL]HVRIWKHFRHIILFLHQWVRQWKH
YDULDEOHVGRQRWGLIIHUVLJQLILFDQWO\LQGLIIHUHQWVSHFLILFDWLRQVRIWKHPRGHO7KHDXWKHQWLFLW\RI
WKHHIIHFWLQTXHVWLRQLVQRWFRQILUPHG7KHPDLQFRQFOXVLRQKHUHLVWKDWLQWKLVOLWHUDWXUHZHILQG
ERWK 7\SH , SXEOLFDWLRQ ELDVGLUHFWLRQDO DQG 7\SH ,, SXEOLFDWLRQ ELDVIDYRXULQJ VWDWLVWLFDO
VLJQLILFDQFHWRJHWKHUZLWKDQDEVHQFHRIDXWKHQWLFHPSLULFDOHIIHFW
)LQDOO\ ZH FRPPHQW RQ PRGHUDWRU YDULDEOHV WKDW UHYHDO VRXUFHV RI KHWHURJHQHLW\ LQ WKLV
OLWHUDWXUH
0RGHOOLQJVWUDWHJ\PD\ LQIOXHQFHHVWLPDWHVRI LQIUDVWUXFWXUH LQYHVWPHQWRQJURZWKRI*'3
2Q DYHUDJH VWXGLHV WKDW GR FRQWURO IRU SRROBWVBFV SRROHG WLPH VHULHV FURVV VHFWLRQ GDWD
WSPLQKWHOHSKRQHVSHUPLOOLRQLQKDELWDQWVFBXWLOFDSDFLW\XWLOL]DWLRQDQGRSHQQHVVWUDGH
RSHQQHVV YDULDEOHV DQG86 VWXGLHV XV ILQGPRUHSRVLWLYH DVVRFLDWLRQEHWZHHQ LQIUDVWUXFWXUH
LQYHVWPHQWDQGJURZWKRI*'3SHUFDSLWDWKDQWKHVWXGLHVWKDWFRQWUROIRUSDQHOGDWDSDQHO
GHYHORSHG DQG OHDVW GHYHORSHG FRXQWULHV GFBOGF UHJLRQDO VWXGLHV UHJBV WUDQVLWLRQDO
HFRQRPLHVWUDQVBHHWF
7KLV HYLGHQFH RI KHWHURJHQHLW\ RI HPSLULFDO ILQGLQJVPD\ EH LQVWUXFWLYH IRU SROLF\ ILUVW E\
HVWDEOLVKLQJWKDWDYHUDJHLQIUDVWUXFWXUHFDSLWDOHIIHFWVRQJURZWKRI*'3FDQQRWEHJHQHUDOL]HG
DFURVVWKHFRXQWULHV7KLVLVEHFDXVHRXUPRGHUDWRUYDULDEOHVFRQWUROOLQJIRUVWXGLHVIRUWKH86
RWKHU GHYHORSHG HFRQRPLHV OHDVW GHYHORSHG HFRQRPLHV DQG WUDQVLWLRQDO HFRQRPLHV VXJJHVW
PDUNHGO\ GLIIHUHQW JURZWK HIIHFWV RI LQIUDVWUXFWXUH LQYHVWPHQW DPRQJ WKHVH GLIIHUHQW W\SHV RI
HFRQRPLHV
)XUWKHUPRUH WKLV05$ FRQILUPV WKDW WKH SRVLWLYH DVVRFLDWLRQ EHWZHHQ LQIUDVWUXFWXUH FDSLWDO
DQGJURZWKLVFRQGLWLRQDOXSRQWKHIDFWRUVYDULDEOHVLQWKHPRGHOWKDWKHOSWRH[SODLQZK\WKLV
UHODWLRQVKLS YDULHV IURP PRUH VLJQLILFDQWO\ SRVLWLYH WR OHVV SRVLWLYH  FRQGLWLRQDO XSRQ WKH

ϲϱ6HH$SSHQGL[
ϲϬ

H[SODQDWRU\YDULDEOHVXVHGLQWKHPRGHO)XUWKHUPRUHWKLV05$VXJJHVWVWKDWJURZWKSURPRWLQJ
HIIHFWV RI LQIUDVWUXFWXUH DUH OHVV LQ GHYHORSHG DQG OHDVW GHYHORSHG FRXQWULHV GFBOGF DQG
WUDQVLWLRQDOHFRQRPLHVWUDQVBHWKDQLQ86HFRQRP\
0HWD²UHJUHVVLRQDQDO\VLVGRHVKDYHDQ LPSRUWDQW OLPLWDWLRQ,I WKHUH LVFRPPRQV\VWHPDWLF
SXEOLFDWLRQELDVDFURVVWKHHQWLUHOLWHUDWXUH0HWDUHJUHVVLRQDQDO\VLVKDVQRZD\WRGLVWLQJXLVKLW
IURP WKH DXWKHQWLF HPSLULFDO HIIHFW 5RVH 6WDQOH\ 1H[W OLPLWDWLRQ RI WKLV05$ LV WKH
QXPEHURIVWXGLHVWKDWDUHLQFOXGHGLQWKHVDPSOH
)URPVWXGLHVDUHSXEOLVKHGLQUHIHUHHGMRXUQDOVDQGZRUNLQJSDSHUVDUHLQFOXGHGLQ
WKHVDPSOHIRUWKHUHDVRQVWKDWDUHH[SODLQHGHDUOLHU
+RZHYHUWKLV05$LVPDGHRXWRIDVDPSOHRIVWXGLHVWKDWDUHSXEOLVKHGIRUWKHWLPHSHULRG
IURPWR)LQDOO\LWLVUHFRPPHQGHGWKDWWKLV05$WREHHQULFKHGZLWKIXUWKHUVWXGLHV
DVDQGZKHQQHZFRQWULEXWLRQWRWKHOLWHUDWXUHDSSHDUV

ϲϲ&RHIILFLHQWRQXVVWXGLHVXVYDULDEOHLVSRVLWLYHDQGVWDWLVWLFDOO\VLJQLILFDQWGFBOGFLVDEHQFKPDUNZKLOH
FRHIILFLHQWRQWUDQVLWLRQDOHFRQRPLHVYDULDEOHLVQHJDWLYHDQGVLJQLILFDQWRULQVLJQLILFDQW
ϲϳ7KHWZR$VFKDXHUSDSHUVZHUHWDNHQLQWRWKHVDPSOHEHFDXVHRIWKHLULPSRUWDQFHRWKHUDXWKRUV
UHIHUWRWKRVHSDSHUVDQG'HQR(EHUWVEHFDXVHRIWKHDOWHUQDWLYHHVWLPDWLRQWHFKQLTXH6/6DSSOLHGQRW
XVHGLQRWKHUSDSHUVIURPWKHVDPSOH
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$SSHQGL[


7ZRGLVWLQFWLYHIHDWXUHVRIH[RJHQRXVDQGHQGRJHQRXVJURZWKDUHWKDWHQGRJHQRXVJURZWKLV
GHSHQGLQJ RQ FRQVWDQW UHWXUQV WR VFDOH  DQG D ULVH EHFDXVH RI FDSLWDO GHHSHQLQJ
([RJHQRXVJURZWKLQYROYHVGLPLQLVKLQJUHWXUQVDQGLVXOWLPDWHO\GXHWRSRSXODWLRQJURZWKWKH
DVVXPSWLRQ LVPDGHGXH WKDW ODERXUDQGSRSXODWLRQDUH LGHQWLFDOZKLFKZDVQRW WKHFDVH LQDOO
SDSHUVDQGDOVRWHFKQRORJ\LVH[RJHQRXV


7KHGHWHUPLQDWLRQRI/RQJ5XQJURZWKZLWKLQWKHPRGHOUDWKHUWKDQE\VRPHH[RJHQRXVO\
JURZLQJ YDULDEOHV OLNH XQH[SODLQHG WHFKQRORJLFDO SURJUHVV LV WKH UHDVRQ IRU WKH QDPH
HQGRJHQRXVJURZWK%DUUR6DOOD,0DUWLQ



7KHVLPSOHVWSURSHUW\RIHQGRJHQRXVJURZWKPRGHOVLVWKHDEVHQFHRIGLPLQLVKLQJUHWXUQVWR
FDSLWDO7KHVLPSOHVWYHUVLRQRISURGXFWLRQIXQFWLRQZLWKRXWGLPLQLVKLQJUHWXUQVWRVFDOHLVWKH
$.IXQFWLRQ

$LVSRVLWLYHFRQVWDQWWKDWUHIOHFWVWKHWHFKQRORJ\2XWSXWSHUFDSLWDLV\ $NZHNQRZWKDW



$QGWKHDYHUDJHPDUJLQDOSURGXFWVRIFDSLWDODUHFRQVWDQWDWWKHOHYHO$!
,I ZH VXEVWLWXWHLQ


ϲϴ7KLVLVVLPLODUWRVSLULWRI%DUUR


7KH$.PRGHO
(QGRJHQRXV*URZWK0RGHOV
(QGRJHQRXVDQG([RJHQRXV*URZWK7KHRUHWLFDOPRGHOV
JURZWKUDWHRIRXWSXWSHUXQLWODERXU
/
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.N  JURZWKUDWHRIFDSLWDOSHUXQLWODERXU
ϲϯ


:KHUH WHUPFDQEHWKRXJKWDVHIIHFWLYHGHSUHFLDWLRQUDWHIRUWKHFDSLWDOODERXUUDWLR
VLVWKHVDYLQJVUDWHDQG LWLVXVHGWRGHQRWHDJURZWKUDWHRIFDSLWDYDULDEOHWKHQ
ZHJHW



1H[WWKH$.PRGHOFDQEHLQWURGXFHGJUDSKLFDOO\

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

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



,QWKH$.PRGHOWHFKQRORJ\LV$.DQGWKHQWKHVDYLQJVFXUYHLV KHUHIRUJUDSKLFDO
SUHVHQWDWLRQLVVWUDLJKWOLQH,IV$! WKHQWKHSHUSHWXDOJURZWKRINRFFXUVHYHQZLWKRXW
WHFKQRORJLFDOSURJUHVVVRWKDWJURZWKUDWHLVKLJKHUWKDQ]HUR


$QGVLQFHWKHWZR OLQHVDUHSDUDOOHO DQGFRQVWDQWJ N LVFRQVWDQWDQG LW LV LQGHSHQGHQWRIN ,Q
WKLVPRGHO N DOZD\V JURZV DW WKH VWHDG\VWDWH UDWH  GJ  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 FRRHOLVWKHFRHIILFLHQWRQWKHRXWSXWHODVWLFLW\RUJURZWKRIJGSLQORJWHUPV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 GFBOGFLVELQDU\YDULDEOHWKDWFRQWUROIRUVDPSOHRIGHYHORSHGRUOHDVWGHYHORSHGFRXQWULHVRU
]HURIRURWKHU
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 QOBRJV LVELQDU\YDULDEOH WRFRQWURO IRUSUHVHQFHRIQDWXUDO ORJDULWKPRIRXWSXWRIJRRGVDQG
VHUYLFHVLQWKHUHJUHVVLRQRURWKHUZLVH
 SXEFBSULYBJGSLVWKHYDULDEOHRILQWHUHVWWDNLQJYDOXHVRIWRFRQWUROIRUSUHVHQFHRISXEOLFRU
SULYDWHLQIUDVWUXFWXUHFDSLWDLQWKHVWXG\
 WD[BOLVELQDU\YDULDEOHWRFRQWUROIRUSUHVHQFHRIWD[OLDELOLWLHVLQWKHPRGHORULIQRW
 RSZ²RXWSXWSHUZRUNHULVELQDU\YDULDEOHWRFRQWUROLIWKHYDULDEOHLVSUHVHQWLQWKHPRGHORU
]HURRWKHUZLVH
 XQHPBULVWKHXQHPSOR\PHQWUDWHYDULDEOHWRFRQWUROLIWKHXQHPSOR\PHQWUDWHLVSUHVHQWLQ
WKHPRGHORU]HURRWKHUZLVH
 FRQBU ² LV WKH YDULDEOH FRQWUROOLQJ  IRU WKH SUHVHQFH RI WKH FRQYHUJHQFH UDWH YDULDEOH LQ WKH
PRGHORU]HURRWKHUZLVH
 GHEWLVELQDU\YDULDEOHWRFRQWUROIRUWKHGHEWYDULDEOHLQWKHPRGHORU]HURRWKHUZLVH
 HIILVWKHELQDU\YDULDEOHWRFRQWUROIRUWKHHIILFLHQF\LILWLVLQWKHLPRGHORULIQRW
 RSHQQHVVLVWKHELQDU\YDULDEOHWRFRQWUROIRURQHFRXQWU\WUDGHRSHQQHVVRURWKHUZLVH
 SROBHIU LVELQDU\YDULDEOHWRFRQWUROIRURQHFRXQWU\SROLWLFDODQGHFRQRPLFIUHHGRPRU]HUR
RWKHUZLVH
 SROBLQVWLVELQDU\YDULDEOHWRFRQWUROIRURQHFRXQWU\SROLWLFDOLQVWDELOLW\RU]HURRWKHUZLVH
 SRSBJULVWKHELQDU\YDULDEOHWRFRQWUROIRUSRSXODWLRQJURZWKRU]HURRWKHUZLVH
 EPSLVEODFNPDUNHWSUHPLXPELQDU\YDULDEOHWRFRQWURORU]HURIRUSUHVHQFHLQWKHPRGHOVRI
WKLVYDULDEOH
 WSPLQK LVELQDU\YDULDEOH WRFRQWURO IRUSUHVHQFHRI WHOHSKRQHVSHUPLOOLRQ LQKDELWDQWV LQ WKH
UHJUHVVLRQVLQWKHPRGHOV
 SYGBUGVBSPaTSDYHG URDGVSHUPLOOLRQNLORPHWUHV VTXDUHG  LV ELQDU\PRGHUDWRUYDULDEOH WR
FRQWUROIRUSDYHGURDGVSHUPLOOLRQNLORPHWUHVVTXDUHGRU]HURRWKHUZLVH
 JVLFVLVELQDU\YDULDEOHWRFRQWUROIRUJRYHUQPHQWVL]HLQYHVWPHQWDQGFXUUHQWVSHQGLQJ
 DJJLVELQDU\YDULDEOHWRFRQWUROIRUDJJORPHUDWLRQLQWKHPRGHORU]HURRWKHUZLVH
 RGDLVELQDU\YDULDEOHWRFRQWUROIRURIILFLDOGHYHORSPHQWDVVLVWDQFHLQWKHPRGHO
 UHULVWKHUHDOH[FKDQJHUDWHELQDU\YDULDEOHWRFRQWURORU]HURIRUUHDOH[FKDQJHUDWHYDULDEOH
 DDUGDHKVWFaS LVELQDU\YDULDEOHWRFRQWUROIRUSUHVHQFHRIDQQXDOUDWLRRIGHIHQFHHGXFDWLRQ
KHDOWKVRFLDODQGWUDQVSRUWDQGFRPPXQLFDWLRQH[SHQGLWXUHV
 WKPLVELQDU\YDULDEOHWRFRQWUROIRUWRWDOH[SHQGLWXUHVLQKRXVLQJPLQLQJPDQXIDFWXULQJ
 DDUVHL LVELQDU\YDULDEOHWRFRQWURO IRUDYHUDJHDQQXDOUDWLRRIVXPRIH[SRUWDQGLPSRUWRU
]HURRWKHUZLVH
 LIFBGLVELQDU\YDULDEOHWRFRQWUROIRULQWHUQDWLRQDOILQDQFHFRUSRUDWLRQGDWDRU]HURRWKHUZLVH
 EGSBJGSLVELQDU\YDULDEOHWRFRQWUROIRUEXGJHWDU\GHILFLWDVSHUFHQWDJHWRJGS
 DURHQYLVELQDU\YDULDEOHWRFRQWUROIRUDYHUDJHUDWLRRIHOHFWULFLW\QHWYDOXH
 LQILVELQDU\YDULDEOHWRFRQWUROIRULQIODWLRQRU]HURRWKHUZLVH
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 JFRQLVELQDU\YDULDEOHWRFRQWUROIRUJRYHUQPHQWFRQVXPSWLRQRU]HURRWKHUZLVH
 QFVSZLVELQDU\YDULDEOHWRFRQWUROIRUQHWFDSLWDOVWRFNSHUZRUNHURU]HURRWKHUZLVH
 XQLRQLVELQDU\YDULDEOHWRFRQWUROIRUXQLRQPHPEHUVKLSRU]HURRWKHUZLVH
 JLQLLVELQDU\YDULDEOHWRFRQWUROIRUJLQLFRHIILFLHQWRU]HURRWKHUZLVH
 FXWLOLVELQDU\YDULDEOHWRFRQWUROIRUFDSDFLW\XWLOL]DWLRQRU]HURRWKHUZLVH
 OLVELQDU\YDULDEOHWRFRQWUROIRUODERXU]HURRWKHUZLVH
 WRWLVELQDU\YDULDEOHWRFRQWUROIRUWHUPVRIWUDGHRU]HURRWKHUZLVH
 QIDJGSLVELQDU\YDULDEOHWRFRQWUROIRUQHWIRUHLJQDVVHWVDVSHUFHQWDJHWR*'3
 KXPDQ²LVELQDU\YDULDEOHWRFRQWUROIRUKXPDQFDSLWDO]HURRWKHUZLVH
 VHBFRPSOHWHLVFRQWLQXRXVVWDQGDUGHUURUYDULDEOH
 VTUWGIUHSUHVHQWVVTXDUHGURRWRIWKHGHJUHHVRIIUHHGRP
 LQYBVHUHSUHVHQWVLQYHUVHRIWKHVWDQGDUGHUURU
 DEVWUHSUHVHQWVDEVROXWHYDOXHRIWKHWVWDWLVWLFV
 ODEVWORJDEVROXWHWVWDWLVWLFVYDOXH
 OGILVORJRIWKHGHJUHHVRIIUHHGRP
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